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instruments for the recording and controlling of 
temperature are the result of many years’ experience 
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industries who use them. 
Hence the leadership of Negretti and Zambra 
instruments in the field of temperature measurement 
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Produces a vacuum of 12 mm. 
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“Absorption measurements were carried out 
on the Unicam SP.600 Spectrophotometer. . . . 
This phrase has appeared in the literature so 
many times over the last few years as to 
have become almost a common-place. 
Laboratories of all types count the SP.600 
amongst their most valuable equipment, 
finding its simplicity of operation well suited 
to routine analysis, and its high accuracy and 
sensitivity equal to the demands of 
advanced research. 
To help the analyst make the best use of his 
als instrument, Unicam publish a series of 
__ Ascorbic Method Sheets, describing in detail a wide 
No. 35 plasma: - range of determinations carried out within 
6: reine: the 360myu—1000m,. range of the spectrum. Tis 
No- 3° and | : in Fire’, Five new sheets have just become available: Incor 
37: Alun aym if you would like copies of these, or any of 
ce andF the earlier sheets, please write to us. They 
are all available free of charge. 
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This is a handbook on detailed design for everyday use 
by both the experienced designer and the newly graduated 
engineer faced with his first design problems. The works 
dealt with are those carried out by River, Conservancy, 
Catchment and Drainage Boards and by similar authorities 
such as Irrigation and Drainage Departments. 

The papers, selected from the Proceedings of the Institu- 
tion of Civil Engineers, the Institution of Water Engineers 
and from technical journals, have been revised and where 
necessary brought up-to-date by the authors who are all 
experienced engineers of the highest standing. 

Price 35s. 


OPTICAL PROPERTIES of 
SEMI-CONDUCTORS 
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Dr. Moss is well-known internationally for his publications 
vn the optical and photoelectric behaviour of semi- 
conductors. His present book is primarily of interest to 
research physicists of academic or industrial laboratories, 
but will also be suitable for study by honours students who 
are concerned with solid state physics. 

The opening chapters develop the theory of the optical 
properties of solids, including absorption by valence band 
electrons, free carriers and impurities, dispersion and 
magneto-optical effects. The book stresses the inter-relation 
of the optical constants for any material, i.e., between the 
real and imaginary parts of the dielectric constants, the 
amplitude and phase of reflectivity and the refractive index 
and absorption constants. Up-to-date reviews of the 
properties of the most interesting semi-conductors are given, 
most of them written in late 1958, and over 600 references 


are provided. 
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There was a time not long ago when the properties of 
matter was a relatively uninteresting and uninspiring branch 
of classical physics but that pattern. has changed quickly in 
recent years. With metals, and to a lesser extent with 
fibres and rubbers, the detailed examination of the proper- 
ties of these solids by improved techniques and the develop- 
ment of quantitative theories to account for the properties 
on the basis of atomic and molecular models has trans- 
formed the subject beyond recognition. Brittle materials 
have lain outside these developments and have not attracted 
anything like the same attention, hence the necessity for 
holding this conference and the publication of the papers 
read and the discussions ensuing from them. 

Price 90s. 
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STATISTICAL 
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Professor of Statistics, University of London 
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1957 and consists of volumes on specialized studies in statistics 
—which would otherwise appear scattered in journals or 
papers and on which sufficient development has not taken 
place to enable a mature book to bc written—and of special 
courses on particular statistical topics. 


Well produced Accurate 


So far issued 
Il. ANALYSIS of MULTIPLE TIME-SERIES. 
QUENOUILLE 24/- net 
2. A COURSE in MULTIVARIATE ANALYSIS 
KENDALL 22/- net 
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Moderately priced 


Temporarily postponed 
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PRECISION INSTRUMENTS 


Fabry-Perot 
Interferometer 


Although of very simple design, this instrument is suitable for 
much of the work usually carried out by more elaborate 
costly apparatus, and reads directly to 1/250 mm. It can be 
supplied with an attachment to convert to a Michelson inter- 
ferometer, thus giving a dual purpose instrument. 
Price Complete £190 0s. 
Attachment for converting instrument into Michelson 
Interferometer, extra £45 05. 
Polished wooden case, extra £9 10s 


Bellingham & Stanley Lt. 
DEPT. N, 7) HORNSEY RISE, LONDON, Nl? 


PHONE: ARCHWAY 2270 
Sote Distributors in U.K. for Schott Monochromatic Interference Filters 
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EDUCATIONAL ADVANCEMENT AND THE UNDER-DEVELOPED 
COUNTRIES 


OME decisions taken at the Commonwealth Trade 

and Economic Conference which met in Montreal 
last September have already been discussed in these 
columns (see Nature, December 20, p. 1693). Their 
full significance is probably only to be appreciated in 
the light of the very large gap that exists between the 
standard of life in Asia and the standard of life in 
North America or Europe. The existence of that gap 
is, of course, well known, and was brought out by 
Prof. P. M. S. Blackett in his presidential address in 
Dublin to the British Association ; but, in pointing 
that out at Montreal, it was emphasized that the 
essential problem in Commonwealth relations is the 
widely different rate of economic progress between 
the highly industrialized and the under-developed 
countries, and Sir David Eccles reminded the House 
of Commons on November 4 that this gap is growing 
wider every year. That is less well known and is 
extremely dangerous, and it is this sense of falling 
further behind that disturbs the poorer nations in 
the free world and may induce policies that threaten 
their stability. 

At Montreal, said Sir David, the Conference was 
asked what would happen if the living standards in 
China rose appreciably faster than the living stan- 
dards in India and Pakistan. This is one of the most 
serious questions in the world to-day, and the 
Commonwealth Conference was a success because it 
accepted the challenge of the widening gap and 
devoted its best endeavours to considering how the 
wder-developed countries could be further helped to 
increase their rate of progress. Even if we and other 
creditor countries in the free world give the under- 
developed countries all the aid we can, it is unlikely 
to suffice to finance a tolerable rate of development. 
This is why they need to increase their export 
earnings, and the Haberler report has shown that 
such exports must include an increasing proportion 
of manufactured goods. 

Unless, Sir David continued, the United States and 
Europe buy more goods from the under-developed 
countries, it is hard to see how these countries can 
respect and adhere to the Western economic system. 
It is here that the real Soviet challenge lies, for once 
countries in Asia and Africa are bound to the Soviet 
block by strong economic ties, they are unlikely to 
remain neutral, far less align themselves with Western 
democracy. The practical measures concerted at 
Montreal were designed to meet this major issue, and 
they attest in particular the willingness of the 
United Kingdom to make the major contribution to 
Commonwealth development. 

_ While the Conference recognized that development 
— not only to the economic expansion of the 

a emnwealth but also to the whole structure of 

relationships within the Commonwealth and to the 


maintenance of democratic institutions, the closing 
of this gap in standards of living was seen as a 
human and moral responsibility which members of 
the Commonwealth share with other countries. In 
particular, Sir David Eccles referred to the fact that 
no group of nations in the free world can either 
resist the Communist challenge from without or 
achieve balanced progress within its own ranks 
unless the United States plays a major and con- 
sistent part in maintaining economic activity and in 
opening its markets to the free world. We are forced 
back again on the interdependence of the free world as 
plainly as were Mr. Macmillan and President Eisen- 
hower in their meeting during the previous autumn. 

Mr. Nixon’s remarks on this point in his speech at 
Guildhall, with its tribute to the “dedicated and 
effective work of the superb Colonial administrators”’ 
of the British Empire, were particularly welcome in 
this connexion, both as evidence of a growing under- 
standing of the British contribution and for the re- 
affirmation of Mr. Nixon’s deep concern to see that 
American foreign aid is maintained effectively in the 
countries which the U.S.S.R. is seeking to influence. 
Indeed, it is increasingly apparent that the relation 
of development to security is recognized, and that it 
is appreciated that trade and aid are important 
factors in a real defence policy. President Eisen- 
hower, for example, coupled his request to Congress 
last year for 3,942 million dollars for the foreign 
aid programme with a reminder that any significant 
cut in this figure could lead to a massive increase in 
military spending by the United States, higher taxes 
and an increase in the rate of conscription, due to 
severe dislocation and impairment of the power of 
the free world, and the crumbling, under Sino-Soviet 
pressures, of United States strategic overseas posi- 
tions, which might be forced back towards its own 
shores. 

It is not, of course, only to the United States that 
the value of the aid programme to a country is many 
times greater than what it costs that country ; but 
in spite of what was said by the Prime Minister at 
the Lord Mayor’s banquet and by him and Mr. 
Nixon at Guildhall, it will not be too easy to con- 
vince the ordinary citizen of this close connexion, 
and to bring home to him how important it is that 
assistance to the under-developed countries should 
be forthcoming on an adequate scale, even at the 
cost of some sacrifice in the standard of living in the 
more advanced industrialized countries. The White 
Paper stressed also the importance of providing the 
under-developed countries with opportunities to 
expand their trade on a stable basis, thereby in- 
creasing their export earnings and improving their 
prospects of attracting external capital. Neither in 
the House of Lords nor in the House of Commons, 
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however, did the implications in the way of sacrifices 
demanded of the more industrialized countries 
receive much attention, though further reference to 
the gap was made in a debate in the House of Lords 


on December 18, notably in a speech by Lord Strang, 
who directed attention to the emphasis placed by 
Mr. Nehru on the grave political implications of the gap 
in his opening speech at the meeting of the Inter- 
national Bank and Monetary Fund at New Delhi. 

In his speech in opening the debate on Common- 
wealth and international economic problems in the 
House of Commons on December 2, the Chancellor 
of the Exchequer, Mr. Heathcoat-Amory, dealt with 
the problem of development at some length and 
pointed out that the highly developed countries had 
expressed at Montreal a strong desire to expand the 
substantial help they were already giving to other 
Commonwealth countries. Some 70 per cent of new 
overseas investment in the Commonwealth since the 
War has come from Britain, but Mr. Heathcoat- 
Amory also pointed out that any country which 
wishes to encourage long-term private investment 
should make sure that conditions are favourable, 
and he also emphasized that the highly developed 
countries can only give such help if their own 
economies are maintained strong. Since the Mon- 
treal Conference the Government has announced, 
at the recent meeting of the Consultative Committee 
for the Colombo Plan, that the United Kingdom 
would make available a further £2 million for tech- 
nical assistance. 

All this stresses the vital importance of educational 
development on both sides, and Mr. Heathcoat-Amory 
characterized the decision on education, along with 
those on the improvement of telecommunications and 
the improvement of Commonwealth economic consult- 
ation, as the three imaginative decisions taken at 
Montreal. As in the House of Lords on November 4, 
the proposals for Commonwealth scholarships and 
fellowships and for an educational conference was 
warmly welcomed, and that their significance is 
appreciated appears from the stress laid by Mr. J. E. 
Ramsden on the teaching of English and the im- 
portance of getting more teachers of English. Sir 
David Eccles said, in reply, that this part would be 
much in mind at the conference, which would deal 
with the provision of teachers as well as the scheme 
for university students. Mr. Ramsden also referred 
to the importance of an adequate supply of English 
books, and particularly welcomed the emphasis laid 
in the report on training in the humanities as well as 
in science, stressing the relation of all the educational 
proposals to technical development and the value of 
a two-way traffic in scholars and students between 
the overseas countries of the Commonwealth and 
Great Britain. 

Mr. M. MacPherson also stressed the importance 
of not limiting the conference on education to univer- 
sities and students at an advanced level. Mr. Heath- 
coat-Amory had stated that already 10-12 per cent of 
the total places in universities and technical colleges in 
Britain are allotted to overseas students, two-thirds 
of whom come from the Commonwealth, and Mr. 
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MacPherson suggested that it is important to get a 
general picture of educational needs and oppor- 
tunities in the Commonwealth, so that the magnitude 
of the demand at the university and professional 
level can be assessed and the real priorities seen 
What is implied in the allocation of 10-12 per cent 
of the places to overseas students should be know 
and appreciated. Mr. J. Johnson, for example, who 
maintained that; the struggle between East and West 
would be determined not by arms or conflict, but 
by the standard of education, and that our biggest 
investment should be in educated people, thought 
that present standards in our overseas universities are 
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much too high. 

The decision as to which stage should receive 
priority is by no means simple. Even where the most 
pressing need is for primary education, the additional 
teachers needed involve a simultaneous effort at least 
in secondary education to provide them; nor can 
the country itself train them without expansion at 
the training college or university level. Indeed, it is 
in this interlocked situation that the contribution of 
the Inter-University Council for Higher Education 
in the Colonies has been so outstanding, and, quite 
apart from the continuing demand for places for 
overseas students in British universities and tech- 
nical colleges as our own programme of expansion 
proceeds, the scarcity of scientific and technical man- 
power relates the needs of the overseas territories to 
those of Britain. Neither educational expansion nor 
technical assistance can be planned without regard 
to available resources in man-power, finance and 
equipment. 

Here, therefore, as the report on the Montreal 
Conference sufficiently shows, educational advance 
overseas is related to the programme of expansion in 
Britain, just as much as are technical assistance and 
Colonial research, for example. It may well be that 
besides increasing economic aid to the under- 
developed countries, we need to find some new form 
of international organization to channel and co- 
ordinate all aid programmes. The Special United 
Nations Fund for Economic Development might have 
served, had the United States been willing to accept 
a plan that left the distribution of aid largely in the 
hands of the recipient countries themselves. 

Nevertheless, the breakdown of that proposal only 
emphasizes a further dual aspect of the dependence 
of any such economic offensive on education. It is 
not simply that educational expansion, both in 
Britain and in other advanced countries, is required 
to provide the trained man-power of all kinds that 
technical aid and development demand, just as much as 
in the under-developed countries ; it is the condition 
of their being able to utilize such assistance and to 
promote development schemes. On such educational 
development depends the formation of a body of 
public opinion and understanding in the advanced 
countries which will accept and sustain the pro 
grammes with all the sacrifices they entail and, ™ 
the under-developed countries, provide the climate 
of opinion and stability necessary both for com 
tinuity and to attract the necessary financial capital. 
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Yor is this any less true of the policies required to 
establish and maintain national food reserves in the 
ander-developed countries set out in a recent report 
of the Food and Agriculture Organization*. 

It is in this context that we should welcome the 
attention now being given in the United States to re- 
arch in the tropics and particularly in Africa. Lord 
Hailsham’s remarks to the Canada Club on November 
jgare also worth noting. Canada, it may be recalled, 
announced at Montreal that it proposed to make 
10 million dollars available as economic assistance to 
the West Indies over the next five years, to include 
provision of a second ship for the West Indies inter- 
wand shipping service. Lord Hailsham suggested 
that, if the Commonwealth is to fulfil its purpose, 
rations must develop between the individual 
members of the Commonwealth on a scale almost 
wmparable to their existing relations with Britain. 
Accordingly, the Commonwealth needs to think out 
afresh the nature and purposes of the association 
between its members, and the means by which that 
association can be enhanced, 

Lord Hailsham referred to three urgent needs: to 
uderstand clearly the later development of the 
Commonwealth; to diversify and enrich inter- 
Commonwealth relations ; and to foster, on a non- 
political level, the closest contact between individuals, 
business associations and professions. In particular, 
he stressed the need to share and think out afresh 
the vast task of investment and assistance in scientific 
research and technical education, if only to ensure 
that assistance is freed from any suspicion of political 
dependence. Finally, he emphasized the dependence 
of the Commonwealth on certain moral and spiritual 
values which are not exclusive but universal to man- 
kind. These values are those in which science in 
particular flourishes and, if at this juncture technical 
assistance offers a particular challenge to the scientist 
and technologist in Britain, in the measure in which 
they seek to answer the challenge as indicated at 
Montreal they will be furthering and safeguarding 
the advance of science itself, 

*Food and Agriculture Organization of the United Nations. FAO 
‘ommodity Policy Studies No. 11: National Food Reserve Policies 
it Underdeveloped Countries. Pp. vi+70. (Rome: Food and Agri- 


ulture Organization of the United Nations; London: H.M. Stationery 
Office, 1958.) 5s.; 1 dollar. 


EARLY TEXTILE TECHNOLOGISTS 


The Strutts and the Arkwrights, 1758-1830 

A Study of the Early Factory System. By R. S. 
Fitton and A. P. Wadsworth. Pp. xii +361 +19 plates. 
(Manchester: At the University Press, 1958.) 35s. net. 


‘ 


‘AYE must reason from what we know, and invent- 

¥ ing is only looking at all sides of a thing and 
putting it in different points of view, and by long habit 
and a great store of ideas this becomes almost 
eal.” So William Strutt, F.R.S., addressed 
~ son, then a pupil at a Nonconformist academy, in 
: 18. Earlier he had expressed the hope that ‘‘in a 
ow years you will be recommended for the R.S.’’. 

Son's felicity was obtained in other ways: he 
married the daughter of a bishop and was created 
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Baron Belper in 1856. No apter tribute could have 


marked the centenary of the invention of the Derby 
rib machine by his grandfather, Jedediah Strutt. 

Nonconformity had few families of such dynastic 
tenacity. Jedediah (1726-1797), son William (1756— 
1830) and grandson Edward (1801-1880) were all 
in their way remarkable. Jedediah, backed by 
dissenting hosiers at Derby and another at Notting- 
ham, launched into manufacturing silk hose at 
Belper, Milford and Derby. By 1769, when he was 
forty-three years old, he was prosperous enough to 
become a backer himself. His protégé and partner, 
Richard Arkwright, had a roller-spinning machine, 
and two years later they built a factory at Cromford. 
This, as R. 8S. Fitton and A. P. Wadsworth remark 
in their closely documented and well-reasoned study, 
‘‘was one of the turning points in the history of the 
factory system’’. It was the first of the cotton factory 
villages that were to change the landscape of the 
north of England during the next half-century. Ark- 
wright prospered, too, and built Birkacre, near Chorley 
—the first to be put up outside Derbyshire—and 
Nottingham, Worksworth, Manchester, Matlock Bath 
and Bakewell, and in turn he financed Samuel Old- 
know, who was manufacturing muslin. Though the 
Strutt — Arkwright partnership seems to have dis- 
solved in 1781, the complex of a half-dozen factory 
colonies were all within a dozen miles of each other 
and the Strutt colonies soon outpaced the Arkwrights. 
Jedediah died sixteen years later and was buried in 
the Unitarian Chapel at Belper. His three sons, led 
by William, transformed the business and the 
cotton mills. The power of the Belper Mills was 
afforded by the turbulent Derwent, and a writer in 
‘*Rees’ Cyclopzdia’’ described them as ‘“‘the most 
complete we have seen in their dams and water- 
works’’. By 1820 fourteen acres of water had been 
added to the Derwent reaches just above Belper 
Bridge. 

The water-driven machinery never stopped except 
for the dinner break. In these integrated factory 
colonies breakfast, dinner and tea were provided and, 
when national occasions demanded, brass bands, the 
players being on the pay roll. The factory colonies 
of the Strutts were classic examples of benevolent 
despotism on a small scale, and it is interesting that 
Samual Slater, ‘founder’ of the American cotton indus- 
try, served his apprenticeship with the Strutts and that 
William Harriman was their first customer in America. 
Harriman’s great-great-grandson was to become 
ambassador to Great Britain and governor of New 
York. 

Shrewdly the Strutts learned by others’ misfor- 
tunes. After fire had destroyed one of Arkwright’s 
mills in 1781 and the famous Albion Mills in London 
in 1791, they built a mill at Derby and a warehouse at 
Milford using iron-framed buildings paved with brick. 
By 1803 they were building a mill at Belper which 
was completely iron-framed and internally heated. 
Not the least of the interesting contributions which 
Dr. Fitton and the late Mr. Wadsworth have made 
to the social history of technology is their per- 
ceptive and detailed account of the way in which 
emergent cotton technology married up with parallel 
developments in other fields. Well might Ure, in 
his ‘Philosophy of Manufacturers” (1835), direct 
attention to their little co-operative society which 
had a thirteen years trial before being abandoned. 
Close-knit and clean, their cotton colonies were the 
communes of the Peak, with the Strutts as benignant 
taskmasters. W. H. G. ArmMyTAcE 
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VIRUSES, GENES AND ANTIGENS 


Advances in Virus Research 

Vol. 5. Edited by Kenneth M. Smith and Max A. 
Lauffer. Pp. ix+376. (New York: Academic 
Press, Inc. ; London: Academic Books, Ltd., 1958.) 
9.50 dollars. 


ROBABLY what most people first want to know 

about a collection of review articles is: Who is 
writing and what about ? This is easily answered : 
J. B. Brooksby on “The Virus of Foot-and-Mouth 
Disease”; Herbert A. Wenner on ‘“Psittacosis- 
Lymphogranuloma Group of Viruses”; Gunther S. 
Stent on “Mating and Reproduction of Bacterial 
Viruses” ; G. Bertani on “Lysogeny” ; Ph. L’Héritier 
on “The Hereditary Virus of Drosophila” ; Forest 
Fulton on “The Measurement of Complement Fixa- 
tion by Viruses”; Anne Buzzell and Martin Hanig 
on “The Mechanism of Hemagglutination by Influenza 
Virus” ; but to comment usefully on this collection 
in a brief notice is more difficult. From the many 
facts and much speculation, what perhaps emerges 
most obviously is how disparate is knowledge about 
different groups of viruses and how varied are the 
techniques and types of approach to their study. 

The first two articles are primarily concerned with 
viruses as pathogens, summarizing general properties, 
host ranges and the like. Information on the con- 
stitution of members of the Psittacosis group is much 
needed, for these are exceptional in that some diseases 
they cause are amenable to chemotherapy, suggesting 
they may be chemically more complex than smaller 
viruses. The next three articles are concerned with 
pathogenicity only as an experimental tool. The 
two on bacteriophages are excursions into radiobiology, 
genetics, the replication of nucleic acid, and the 
relationships between nucleic acid and_ protein 
synthesis, subjects for which these systems provide 
elegant experimental material and results rich in 
their scope for speculation. The juxtaposition of the 
article on the Drosophila virus and lysogeny stresses 
the similarities between the two systems and makes 
almost irresistible the temptation to extrapolate from 
the knowledge about bacteriophages to the constitu- 
tion of the Drosophila virus about which nothing is 
known. That this virus was for long accepted as an 
example of cytoplasmic inheritance vividly illustrates 
how difficult it can be to define the boundaries between 
genetics and pathology. 

The last two articles are not at all concerned with 
viruses as pathogens, but with other properties useful 
in assays. Fulton’s scholarly analysis of the comple- 
ment fixation test would be equally, perhaps more, 
appropriate to a volume on serology. However, 
there was no need to justify its inclusion for such 
questionable reasons as that viruses can rarely be 
obtained concentrated enough to use other serological 
methods and that virus workers are prejudiced against 
complement fixation. The precipitin test is used 
successfully with many viruses, and complement 
fixation is mentioned too often in the first two articles 
in this volume to suggest any strong prejudice against 
it. A third reason he offers is that ‘“‘the complement 
test is both easier and more specific than hemagglutin- 
ation techniques”, the subject of the last article. 
Fulton says ‘““Hemagglutination is bedevilled by non- 
specific inhibitors, and is a much more sophisticated 
technique than it first appears”. In this, Buzzell 
and Hanig seem to agree, for they say “‘the ostensible 
simplicity of the hemagglutination reaction is, in 
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reality, confused by a mass of diverse, and often 
contradictory evidence. Any mechanism which 
might be proposed to explain these divergences must 
be exceedingly flexible and endowed with so many 
parameters that it may be expected to explain 
anything”. A cynic might be tempted to add that 
this is also true of mechanisms proposed for some 
other phenomena described in this volume. 
Probably few virus workers will read all these 
articles with interest, but even fewer will find nothing 
of interest. The authors deserve credit for discussing 
their subjects critically and not simply summarizing 
all published work. It is less praiseworthy that reading 
is often unnecessarily tedious because some have 
rarely used one word when they could employ 
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CHEMISTRY OF THE STEROIDS ; 
Je 
Chemistry of the Steroids (l 
By Prof. Charles W. Shoppee. (Organic Chemistry 
Monographs.) Pp. vii+314. (London: Butter. 8 
worths Scientific Publications ; New York: Academic TI 
Press, Inc., 1958.) 50s.; 9 dollars. 
ROM the author’s preface it would appear that B 
this volume has been written with the object of Py 
providing both a concise account of our present In 
knowledge of the chemistry of the steroids and a more B 
complete one of recent work, particularly when this § Ph 
has appeared since existing treatises on the subject By 
were compiled. It is thus apparently intended to Jol 
serve the dual purpose of a text-book and a work of Ha 
reference. In the latter capacity it will prove invalu- 
able, for it summarizes most of, if not all, the reactions T 
which the individual steroids undergo and is liberally of ; 
provided with references to the original sources. As boo 
a text-book it also contains many valuable features. au 
It is useful to have collected together in one volume sub 
the principal data on which the accepted structures, T 
conformations and configurations of the individual con 
steroids are based; it is advantageous to possess folle 
brief summaries, translated in terms of present-day exp 
notation, of the fundamental contributions made mor 
by Windaus and Wieland to our knowledge of the gene 
structures of the sterols and bile acids; and it is hete 
convenient to have available outlines of the methods thos 
by which so many partial or total syntheses of impor- radi 
tant steroids have been effected. But its value as origi 
text-book is somewhat diminished by the interspers- stud 
ing throughout the text of long passages—no doubt is ta 
necessary in its capacity as a reference book—which Bf kine 
consist of catalogues of chemical reactions. These JB aspe 
make monotonous reading and destroy the continulty & cajey 
of the subject-matter. book 
As the title indicates, the book deals solely with the J the g 
chemistry of the steroids. Nevertheless, brief state: J recor 
ments of the functions or physiological activities J the s 
the individual compounds or groups are, when known, @ with 
necessarily made. The subject-matter has beer & react 
clearly and, so far as I can ascertain, accuratel’ Th 
presented. Attention may, however, be directed to of “ 
the following minor points : whic} 
The statement in the introductory chapter that the state 
steroids are, “for the most part, saturated natu @ chem 
products .. .”’ appears to be misleading. For, while Altho 
it is true that the bile acids follow this ‘rule’, th radia 
sterols, steroid hormones and other steroids do a nized 
In the chapter describing the sterols, each individ- B actiy; 
ual sterol is described in a separate section. Copr & day | 
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serol (coprostanol) is not so treated, although it is 
mentioned elsewhere incidentally in the text. As a 
naturally occurring sterol, coprosterol should surely 
have been accorded individual treatment. 

The occurrence of ergosterol in ergot, from which 
fact it derives its name, might have been mentioned. 
It is true that it also occurs in yeast, which now 
constitutes its chief source. 

Finally, it seems a pity that a chapter has not been 
devoted to the steroid alkaloids, particularly as 
individual members of this group are occasionally 
mentioned in the text. E. StepMAN 
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POLYMER CHEMISTRY 


The Kinetics of Vinyl Polymerization by Radical 
Mechanisms 

By Dr. C. H. Bamford, Dr. W. G. Barb, Dr. A. D. 

Jenkins and Dr. P. F. Onyon. Pp. xii+318. 

(London: Butterworths Scientific Publications ; 

New York: Academic Press, Inc., 1958.) 50s. ; 

8.80 dollars. 

The Effects of lonizing Radiation on Natural and 
Synthetic High Polymers 

By Frank A. Bovey. (Polymer Reviews, Vol. 1.) 

Pp. xiii+287. (New York: Interscience Publishers, 

Inc.; London: Interscience Publishers, Ltd., 1958.) 

8 dollars. 


Physical Chemistry of High Polymers 
By Dr. Maurice L. Huggins. Pp. 175. (New York: 
John Wiley and Sons, Inc. ; London: Chapman and 
Hall, Ltd:, 1958.) 52s. net. 
HE mechanism of vinyl polymerization has 
probably been studied in more detail than that 
of any other kind of chemical reaction, and in this 
book Dr. Bamford and his co-authors have presented 
a unified and thorough treatment of this important 
subject. 

The two first chapters discuss the broad theoretical 
concepts upon which the subject rests, and the 
following four chapters summarize critically the 
experimental data for most of the important 
monomers and the relation of these results to the 
general theoretical developments. The chapter on 
heterogeneous polymerization—which refers only to 
those polymerizations in which the propagating 
radicals pass from one phase to another—is an 
original treatment based largely on the authors’ own 
studies, and is particularly valuable since this subject 
is rarely dealt with in the standard works on polymer 
kineties. The final chapter treats the statistical 
aspects of vinyl polymerizations and in particular the 
calculation of molecular weight distributions. This 
book is the most complete and up-to-date survey of 
the subject the reviewer has seen and it can be highly 
recommended to students and others interested in 
the synthesis of high polymers and to those chemists 
with wider interests in the mechanism of free radical 
reactions. 

The book by Dr. Bovey is the first of a new series 
of “Polymer Reviews” (edited by Prof. H. Mark) in 
which emphasis will be placed on the principles and 
State of knowledge of newer developments in polymer 
chemistry, and it has set a very high standard. 
Although the importance of a study of the effects of 
radiation on dead and living matter has been recog- 
nuzed since the discovery of X-rays (1895) and radio- 
activity (1896), the greatest stimulus to the present- 

Y mtensive study of the subject has been the 
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development of nuclear reactors and the application 
of high-intensity radiations. The consequent need 
to understand the effects of these radiations over 
long periods of time both on ordinary materials of 
construction and on living cells is obvious. In the 
use and application of high polymers it is clearly 
necessary to have a clear understanding of the 
mechanism of the beneficial aspects of radiation such 
as the improvement in mechanical properties of 
some plastics by cross-linking and also the scientific 
information which will permit the development of 
polymers which resist the effects of radiation. More 
important still may be the understanding of the 
effects of radiation on the polymeric material which 
constitutes cells and other living organisms. 

This book is timely in that it reviews in a critical 
manner the basic results so far obtained in the study 
of the irradiation of high polymers. The opening 
chapters summarize the general properties and 
chemical offects of radiation and the radiation 
chemistry of high polymers in particular. The 
remaining chapters deal with the various synthetic 
and natural polymers in detail. The book as a whole 
is a thorough, critical and reliable review of this 
growing subject. It is a most stimulating account of 
the theoretical and practical aspects of what has 
rapidly become an important branch of polymer 
science. 

Dr. Huggins’s book is based on a course of lectures 
he delivered in Japanese universities and emphasizes 
his own important and fundamental contributions to 
chemistry. The book as a consequence is uneven in 
character. Brief reference only is made to many of 
the important aspects of polymer synthesis and 
properties whereas the valuable theoretical work of 
the author on the thermodynamic properties of 
solutions is described in detail. Other interesting 
chapters are those on dynamic properties of polymers 
and their solutions and on the general aspects of the 
structures of natural and synthetic high polymers. 
The author presents many original points of view 
and in this sense the book is of value to the specialist. 
Although covering the whole physical chemistry of 
polymers, the book is too condensed to be of great 
value to the student seeking a basic introduction to 
the subject. C. E. H. Bawn 


MICROBES AND MILK 


Dairy Microbiology 

By Prof. Edwin M. Foster, Prof. F. Eugene Nelson, 
Prof. Marvin L. Speck, Prof. Raymond N. Doetsch, 
and Prof. Joseph C. Olson, Jr. Pp. xvi+ 
492. (London: Macmillan and Co., Ltd., 1958.) 
42s. net. 


HE authors of this book are all professors or 

associate professors of bacteriology or dairy 
bacteriology in teaching institutions in the United 
States ; this strengthens the impression, while not 
motivating it, that ‘“Dairy Microbiology” is in several 
ways tailored to the American system of education. 
It is a form of students’ text-book, though, as the 
authors hope, it should have considerable appeal in 
other fields, particularly technology, largely as a 
ready-reference book. Broadly, the first six chapters 
deal with the general application of microbiology to 
dairying, and the remaining nine with the micro- 
biology of specific dairy products, waste disposal and 
the utilization of by-products. With the exception 
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of some of the illustrations, which are lacking in 
clarity and definition, the quality of reproduction is 
admirable. 

“Dairy Microbiology” is indeed a veritable omnibus 
and very little material that is cognate has been 
overlooked, but its comprehensiveness seems some- 
times to have been achieved at the expense of atten- 
tion to detail. The need of the student to assimilate 
facts while only currently developing his critical 
faculties evokes the responsibility of authors to 
present him with something approaching the bare 
minimum consistent with accuracy and completeness. 
In some places detail is lacking, while other sections 
of ‘Dairy Microbiology” are rather overloaded with 
data. The style and presentation of material are 
frequently naive and elementary though admirably 
clear and straightforward, but at times assume 
considerable erudition on the part of the reader in 
disciplines other than microbiology. Despite irritating 
mixtures of passive and imperative tenses in descrip- 
tions of techniques, there are few inaccuracies and 
inconsistencies and the book cannot be criticized on 
matters of fact. References, with titles, are a welcome 
feature, even be there few to publications appearing 
after 1954, the book having been published in the 
United States late in 1957. 

The subject-matter is not confined to American 
practice, but systems and techniques foreign to the 
United States receive in most cases scant mention ; 
there is, however, one outstanding instance where 
this is not so—the excellent and all-embracing chapter 
on the microbiology of cheese. Even here, though, 
the mechanization of Cheddar cheese manufacture is 
not covered, perhaps because of its so recent inception. 
There are, too, other important developments in 
dairy microbiology that are not mentioned, probably 
for the same reason, which, however good in itself, 
must still have the effect of dating the book: they 
include immersion cleaning as such, and calcium-free 
bacteriophage-resistant media for the propagation of 
starter cultures. 

Perhaps the most disappointing feature of “Dairy 
Microbiology” is its homogeneity. Too many cooks 
usually spoil the broth, one imagines, by the addition 
of too many conflicting ingredients. In this instance, 
however, the authors have failed to inject into it 
any flavour of their own particular views or opinions, 
or indeed any strong flavour at all. This is particu- 
larly unfortunate since the list of individuals is indeed 
impressive, and many of their views are known to be 
both enlightened and stimulating. Although lacking 
any form of philosophy or impact, and leaving no 
profound impression other than of enormous compila- 
tion, “Dairy Microbiology” is, in that latter capacity, 


excellent value at so modest a price. 
C. A. E. Briees 


APPARATUS AND APPLICATIONS 
OF MASS SPECTROSCOPY 


Mass Spectroscopy 
By Prof. Henry E. Duckworth. (Cambridge Mono- 
graphs on Physics.) Pp. xvi+206. (Cambridge : 
At the University Press, 1958.) 35s. net. 

HE branch of physics christened mass spectro- 

scopy by Aston has experienced a remarkable 
growth. The types of instruments for ion analysis 
have increased in number and in performance, while 
their applications have extended into astronomy, 
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biology, chemistry, engineering, geology and branches 
of physics other than nuclear. Prof. H. E. Duckworth 
has written a very concise account of the principles 
of positive-ion optics, the generation and detection 
of positive ions, and of spectrometers of all kinds used 
in the analysis of ions. The second half of the book 
summarizes the application of mass spectroscopy jn 
physics, chemical physics and geophysics, — |p 
addition, there is briefer mention of other uses, such 
as gas analysis, stable isotopic tracer work and 
various applications in chemistry. The book con. 
cludes with a table of isotopic abundances and masses 
determined by mass spectrometric methods, The 
mass values for A less than 40 were measured by 
Nier and his collaborators, while greater mass values 
were based on the author’s own research work. 


VoL. 183 


The book is remarkably free from errors of a scienti-. 


fic kind, but some appear. Prof. Duckworth, in discuss. 
ing spectrometers which provide first-order double- 
focusing for all masses plus second-order direction. 
focusing for one mass, specifically omits the common 
Mattauch and Herzog design of spectrometer which 
has the second-order focusing feature. Although some 
of the advantages of the vibrating-reed electrometer 
are specified, a most important advantage, the fact 
that there is no grid current, dependent on voltage, 
in parallel with the input current, is omitted. In 
discussing direction-focusing mass spectrometers with 
sector fields the statement is made that the resolution 
is independent of the angle of deflexion. This inde- 
pendence obtains only for symmetrical instruments. 
On p. 131 the (*Li + n) reaction products are given 
incorrectly. 

Almost every section of every chapter of Prof. 
Duckworth’s monograph attributes the first study 
or first use of something to one or another person, and 
these assignments are in the main the same as those 
which have appeared in earlier books. There are, 
however, oversights and errors which might be 
corrected. For example (p. 13), the focusing proper- 
ties of sector fields and Barber’s rule were clearly 
illustrated by Aston in 1919. Aston (1919) also 
suggested focusing by a spherical condenser before 
Briiche and Henneberg (1935). Although Smythe, 
Rumbaugh and West (1934) first devised the general 
formula for obtaining higher-order direction-focusing 
in homogeneous magnetic fields, they are not men- 
tioned in section 2-6. The emission of positive ions 
from heated salts and hot filaments is generally 
attributed to Gehreke and Reichenheim (1906, 1907) as 
in section 3.2, but J. J. Thomson (1899) credits Elster 
and Geitel (1889) with the discovery that positive 
ions were emitted from hot filaments. C. J. Davisson 
(1912) credits the discovery of emission of positive 
electricity from heated salts to J. C. Beattie (1899). 
O. W. Richardson (1908, 1910) and his students, 
Hulbirt and Davisson (1912), carried out the first 
definitive research on identifying positive ions from 
hot salts and hot filaments. They thus clarified a diff- 
cult existing situation in which thermal ionization ol 
residual gas atoms had been held responsible for the 
currents observed from uncoated filaments. This work. 
which antedated that of Dempster, is not mentioned. 

Prof. Duckworth has written a concise but compre 
hensive book on mass spectroscopy which should 
prove valuable to anyone engaged in the analysis 0! 
ions. The large reference bibliography with individus 
page references to the text, and the index, both 0 
which were obviously prepared with great care 
enhance the value of the book. 


K. T. BAINBRIDGE 
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Administrative Medicine 

Transactions of the Fifth Conference, October 29, 30, 
and 31, 1956, Princeton, N.J. Edited by George S. 
Stevenson. Pp. 197. (New York: Josiah Macy, Jr., 
Foundation, 1958.) 3.75 dollars. 


HE Josiah Macy, Jr., Foundation has organ- 

jzed more than twenty conference groups of 
experts in different fields during the past fifteen 
years, each group meeting for a few days annually 
over a@ period of five years or more. Discussions, 
limited to twenty-five participants, are quite inform- 
al; one member introduces a topic and is subjected 
to frequent interruptions by way of questions or 
comment. Discussions are reported verbatim in the 
Transactions and the interruptions too often distract 
the reader’s attention from the main issue. There 
are no formal conclusions and no recommendations 
aremade. Three topics are presented in this volume : 
‘Mental Health Elements in Administration of 
General Health’, by Dr. Paul V. Lemkau; “The 
Administrative Role in the Management of a Mental 
Hospital”, by Dr. Alfred P. Bay ; and “Co-ordination 
of Local Resources: Techniques and Devices for 
Communication and Cross-fertilization”, by Dr. T. P. 
Rees. Discussion on all three subjects dealt mainly 
with the means of integrating problems of mental 
health with other organized medical services and 
securing the active co-operation of the community in 
this integration. This appears to be a more difficult 
task in the United States than in Great Britain and the 
description by Dr. Rees of his ‘open door’ policy at 
Warlingham Park Hospital and his organized mental 
health service in Croydon aroused great interest. 
The selection, training and qualifications of hospital 
superintendents were also discussed, particularly in 
relation to geographically isolated hospitals, hospitals 
closely integrated with the comminity and hospitals 
of different sizes and types. G. A. CLARK 


Amphetamine Psychosis 

By P. H. Connell. (Maudsley Monographs, No. 5.) 
Pp. 133. (London: Chapman and Hall, Ltd., 1958. 
Published for the Institute of Psychiatry.) 21s. net. 


ONSIDERING the number of years that the 
amphetamines have been available on the 
market and the wide range of their therapeutic 
usefulness, addiction to these drugs had always been 
regarded as rare and limited to psychopathic person- 
alities who might have become addicted to anything. 
This latest Maudsley Monograph is calculated to 
shake the complacency of pharmacologists, psychia- 
trists, medical practitioners and manufacturers, and 
is therefore deserving of careful study. Dr. P. H. 
Connell, in a study of the literature, has found only 
‘ix authenticated cases of amphetamine psychosis 
from Britain in the past twenty years, but he goes on 
‘0 report another forty-two cases, of which twenty- 
eight were seen by him personally and the rest were 
discovered by inquiry among his colleagues. He 
emphasizes the remarkably close resemblance between 
the mental symptoms of amphetamine addicts and 
of those with paranoid schizophrenia, and points 
out that a single large dose of the drug may cause 
a symptoms. The author’s tabulation of the 
findings in the various cases is interesting and reveal- 
"8 particularly when he touches on the relationship 
=. the psychosis and the previous personality 
= patient. Unfortunately, certain parts of this 

. must have been written some time ago, for we 
" told that no fewer than seventeen patients 
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obtained their drug supply from the contents of 
amphetamine inhalers. An addendum mentions that 
amphetamine inhalers have been withdrawn from the 
market. 

The second part of the monograph deals with the 
search for, and validation and use of, a biochemical 
test for detecting that a patient has been taking 
amphetamine. There is a bibliography occupying 
two and a half pages. W. R. Bett 


Bibliography on the Effects of lonizing Radiations 
on Plants, 1896-1955 

By Arnold H. Sparrow, John P. Binnington and 

Virginia Pond. Pp. v+222. (Upton, New York: 

Brookhaven National Laboratory, 1958. Obtainable 

from Office of Technical Services, Department of 

Commerce, Washington, D.C.) 2.25 dollars. 


HIS list of nearly 2,600 titles is arranged alpha- 

betically by first authors with cross-references to 
include others. The articles are from 496 journals, 
54 of them originating in the U.S.S.R. or countries 
of the Eastern bloc, as well as a number of books, 
symposium reports, etc. There is an excellent subject 
index occupying 90 pages. The volume is paper 
bound, but printing is clear and uncrowded on heavy 
paper. 

The usefulness of this publication will be obvious 
to all who have experienced the difficulty of tracking 
down papers dealing with the biological effects of 
radiation in the large number of journals through 
which they are scattered. Although the list may not 
be complete, its coverage is comprehensive enough to 
make it invaluable to research workers in many 
phases of radiation biology, botany and agriculture. 
It is unfortunate that at the time of release it is 
nearly three years out of date: a supplementary 
list would already be useful and will soon, in this 
fast-moving field, be overdue. One hopes that the 
success of this publication will encourage the authors 
to prepare a second before very long. 

Atma HowarpD 


Nuclear Scattering 

By K. B. Mather and Dr. P. Swan. (Cambridge 
Monographs on Physics.) Pp. ix+469. (Cambridge : 
At the University Press, 1958.) 80s. net. 


HE authors set out to describe the physics of 

nuclear scattering in a volume of 469 pages, the 
early chapters of which provide an introduction to 
the relation of nuclear scattering to nuclear forces 
and to the kind of apparatus which is used. The main 
body of the book is devoted to nucleon — nucleon 
scattering at both low and high energies, nuclear 
scattering and nuclear models and resonance. In 
this field, in which there is so much current literature, 
it is not possible within the confines of a single volume 
to be exhaustive and up to date at the instant of 
publication. However, the authors do present signi- 
ficant results available in mid-1957 and their inter- 
pretation in terms of nuclear forces and structure. 
At a few places the description of apparatus appears 
to be too detailed. Nevertheless, the selection from 
the information available has been carefully made. 
Although to an expert in any particular aspect of 
nuclear scattering, the treatment may appear rather 
sketchy, the book as a whole is a balanced representa- 
tion. For this reason it will be welcomed by experi- 
mentalists and should provide valuable reading for 
the graduate student starting research as well as for 
those already actively engaged in this field. 
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THE ROYAL GREENWICH OBSERVATORY 
By Dr. R. v. d. R. WOOLLEY, F.R.S. 


Astronomer Royal 


HE Yapp 36-in. reflecting telescope of the Royal 

Greenwich Observatory was brought into oper- 
ation in September 1958. The move of the instru- 
ments from Greenwich to Herstmonceux is now there- 
fore completed, and the Observatory can now look 
forward to an active observing programme with the 
equatorial telescopes, as well as with the meridian 
instruments. 

There are six domes in the Equatorial Group at 
Herstmonceux, which contain instruments as follows. 
Dome A houses the 30-in. reflector. This telescope 
was formerly placed on the same mounting as a 
refractor, but they have now been provided with 
independent mountings. The telescope is available 
for spectroscopic or photoelectric work, and it is 
proposed to use it to test image-converter tubes, if 
these become available. The primary mirror was 
re-figured, but in the meantime it has been found 
that the secondary mirror is imperfect, and this is 
also being re-figured. 

Dome B houses the Yapp 36-in. reflector. This is 
a comparatively modern instrument, for it was built 
by Grubb Parsons in 1934. It is equipped with a 
prism spectrograph, which is now being used to 
determine radial velocities of stars of special dynamical 
interest. It is, however, proposed to replace this 
prism spectrograph with a fast modern grating 
spectrograph, to be constructed in the Observatory’s 
workshops. 


Fig. 1. 


Dome C at present contains the Isaac Roberts 20-in, 
reflector, on loan from the Science Museum, South 
Kensington. This small telescope is very valuable 
for photoelectric work, but as it is required by the 
Museum it will be replaced by a Schmidt reflecting 
telescope, for which, in fact, this dome was originally 
provided. It is proposed to equip the Schmidt 
telescope, which will have a long focal ratio, with 
objective prisms including Fehrenbach’s double 
prism, with which radial velocities can be determined. 

Dome D houses the astrographic telescope. This 
telescope is particularly valuable on account of the 
existence of old plates (some with epochs as old as 
1885) taken with this and similar instruments from 
which proper motions can be derived by comparison 
between new and old plates. A programme of proper 
motions of stars, particularly those with special 
dynamical significance, is in hand. This telescope 
also carries the Markowitz moon camera, which is 
used at the time of full moon. 

Dome E houses the Thompson 26-in. refractor. 
This is the telescope with which the Greenwich 
determinations of stellar parallax have been made. 
It is not generally realized that determinations of 
trigonometrical parallax are not really in @ satis 
factory state, and since so much astronomical reason- 
ing depends ultimately on trigonometrical parallaxes, 
further programmes of parallax determination are of 
the greatest importance. It is to this work that this 


The Equatorial Group at Herstmonceux 
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Fig. 2, The 36-in. Yapp Telescope 
telescope will be mainly devoted. The dome is 
equipped with a rising floor. 

Dome F contains the old 28-in. refractor. The 
polar axis of this telescope is in the form of an open 
hexagonal cage. It was designed by G. B. Airy and 
is @ larger edition of a wooden cage which he built 
for the Northumberland equatorial in Cambridge. 
The ironwork of the 28-in. cage is one hundred years 
dd almost exactly, but the telescope is not so old. 
It is larger than the original telescope and was put 
inthe old cage at Greenwich from motives of economy. 
At Greenwich it could not point at the zenith because 
the eyepiece struck the floor as the zenith was 
approached. It is mounted higher at Herstmonceux 
and the telescope can now point at the zenith with a 
couple of feet to spare. It will be used for observations 
of visual double stars. These observations are ex- 
wemely important for the determination of stellar 
mass. While double-star observing was prosecuted 
vigorously—or perhaps even overdone—at the end of 

century, not nearly enough attention is paid 

‘o the subject with large telescopes in the present 

decade, with the result that information which will 

be heeded for the orbits, most of which are of long 
period, is not being secured. 

Principal meridian instrument of the Observ- 

\tory is now the Cooke Reversible Transit Circle. 

instrument was constructed in 1933 and, had it 

tot been for the Second World War, would have taken 
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over from the famous Airy Transit 
Circle at Greenwich. However, 
detailed investigation of the instru- 
ment delayed its use on a full 
programme. The Airy Transit 
Circle remained in use until the 
Meridian Department moved to 
Herstmonceux. 

Advantage has been taken of the 
interruption in the meridian work 
to introduce two major modifica- 
tions to the Cooke instrument. The 
contact times from the transit 
micrometer are now recorded di- 
rectly on punched cards by means 
of an apparatus known as Epic 
(electronic punch indicating chrono- 
graph), which has been designed and 
constructed in the Electronics Lab- 
oratory of the Observatory, and 
the visual circle-reading micro- 
scopes have been replaced by 
cameras. The films from the latter 
are measured on a screw measuring 
machine fitted with a digitizer, the 
output of which is recorded directly 
on punched cards. Thus, the ob- 
servational data in each co-ordinate 
are obtained in a form most suited 
to automatic reduction. 

The first major programme with 
this instrument was commenced in 
October 1957. This is part of the 
large international project for meri- 
dian observations of reference stars 
for the third Katalog der Astronom- 
ischen Gesellschaft, the new photo- 
graphic catalogue. When com- 
pared with the second Katalog der 
Astronomischen Gesellschaft, this 
new catalogue will yield proper 
motions of some 200,000 stars. 

Twelve observatories are co-operating in this meridian 
programme. The Royal Greenwich Observatory has 
undertaken to make about 70,000 observations, 
including observations of reference stars, FK, and 
FK, Supplement stars, stars in the zones of the 
photographic zenith tubes, and a list of O and B type 
stars the proper motions of which are required for 
galactic research. More than 20,000 observations 
have been made during the first twelve months of 
the programme. 

The Photographic Zenith Tube (P.Z.T.) was brought 
into operation during the latter part of 1955. The first 
two years observations have been analysed to give 
corrections to the assumed right ascensions and 
declinations of the stars in the 0-5°-wide zone centred 
on the Herstmonceux zenith. 

Since the beginning of 1958, the time and latitude 
results have been sent regularly to the Bureau Inter- 
national de l’Heure in Paris, and the office of the 

ternational Latitude Service in Turin. The latitude 
observations are incorporated in the Service Inter- 
national Rapide, which was set up on the recom- 
mendation of the Dublin meeting of the International 
Astronomical Union in 1955 to publish co-ordinates 
of the pole with the minimum of delay, for use in 
the various national time services. 

The time observations are used in the Observatory 
time service, and the latitude observations will be 
used in due course for correcting the declinations 
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observed with the transit circle 
for the effect of latitude varia- 
tion. 

In addition to the regular de- 
termination of clock error and lati- 
tude, observations extending over 
a long period can be used for de- 
riving a correction to the adopted 
constant of nutation. 

The other new buildings at 

Herstmonceux house the workshop, 
chronometer repair shops, the Time 
Department with its quartz clocks, 
and the Nautical Almanac Office. 
These premises were occupied in 
various stages during the past year, 
and the move from the old huts, in 
which some of the departments 
were temporarily located, is com- 
plete. (The Time Department 
moved from Abinger.) The huts, 
which were put up in front of the 
Castle to provide accommodation 
for an insurance company that was 
evacuated to Herstmonceux Castle 
during the War, have been removed 
and the ground grassed over. 

The control of the national time 
service, which had been maintained 
from the war-time emergency sta- 
tion at Abinger Common, near 
Dorking, was transferred to Herst- 
monceux during 1957. The centre 
block of the new West Building 
contains the clock cellars in the 
sub-basement, and the clock room, 
control room and battery room in 
the basement. 

With the opportunities afforded 
by the transfer to new permanent 
premises, much care and attention 
were devoted to the layout, and ex- 
perience 80 far has shown the gen- 
eral arrangements to be sufficiently 
flexible to permit modifications and development. 

The quartz clocks employ ring crystals transferred 
from Abinger and running in oscillators designed and 
made in the Electronics Laboratory, The control 
room equipment follows the general pattern of the 
Abinger installation ; the decimal counter chrono- 
meters have been replaced by similar instruments of 
newer design ; new radio receivers by Plessey and 
Racal have been installed in place of the war-time 
American receivers ; in addition to single aerials on 
the roof of the building, a Wells array has been 
provided for the reception of nearby short-wave 
transmissions and an inclined-V array for reception 
of radio time signals from greater distances. A visual 
display unit has proved of particular value in 
facilitating accurate measurements on signals which 
have suffered distortion or which are subject to 
variable fading. 

By means of a land-line link two standard clocks, 
one at the National Physical Laboratory and the 
other at the Post Office Laboratories, Dollis Hill, 
operate continuously running comparison meters at 
the Observatory, At any time the best clocks at the 
three stations may be used, in conjunction with the 
Photographic Zenith Tube observations, for the 
establishment of Greenwich Mean Time. The link 
with the National Physical Laboratory is of particular 
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Fig. 3. The Cooke Reversible Transit Circle 


interest, since this permits comparison of the clocks 
with the cesium standard. 

Rhythmic radio time-signals, which have been 
controlled by the Royal Greenwich Observatory since 
1927, are now regarded as obsolete and were dis 
continued in 1958. The ‘English’ type of signal, 
introduced by the Observatory in 1950 and still 
radiated twice daily, has now been generally adopted 
as ® convenient standard. Arrangements are now in 
hand for the installation of control equipment at the 
transmitting station instead of at the Observatory, 
thus eliminating errors due to variations in the time 
of travel of the signal along the land lines. : 

Because of the irregularities inherent in a time 
scale based on the rotation of the Earth on its axis, 
astronomers have adopted a new standard based on 
the annual period of the revolution of the Barth m 
its orbit around the Sun. ‘Time determinations 
on the new scale are, for technical reasons, related 
to the motion of the Moon as observed agaist 
the background of the stars. A special Moon camers 
has been installed, and the Observatory has under: 
taken to measure plates taken at Perth, pe 
Wellington and Naini Tal in addition to those te 
at Herstmonceux. Sion 

H.M. Nautical Almanac Office has now for 
installed in its new offices in the West Building 
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more than a year. Its work largely consists of the 
compilation and publication of the ephemerides and 
almanacs required by astronomers, navigators and 
surveyors. In recent years there has been introduced 
a policy of unification of its publications with those 
of the Nautical Almanac Office of the U.S. Naval 
Observatory ; for the year 1960 the astronomical 
e eris (until 1959 published under the title of 
“The Nautical Almanac’’) will be completely unified 
with the corresponding American publication and 
published under the title “The Astronomical 
Bphemeris’”. 

The Office is assisting other departments of the 
Observatory, particularly the Meridian Department, 


with the calculations involved in the reduction and 
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discussion of observations. A small electronic com- 
puting machine (the Hollerith 1201) is being installed 
to expand the scope for this work, for the routine 
calculations of the Office, and for a limited range of 
theoretical investigations. 

The precise motion of the Moon is of foremost 
importance in relation to the rotation of the Earth 
and to the determination of Ephemeris Time. The 
main task of the Office is the calculation of the lunar 
ephemeris ; and it conducts a world-wide programme 
of occultation prediction, with the collection, reduc- 
tion and discussion of all observed lunar occultations, 
as a small part of this task. 

Work on the Newton telescope is now to be re- 
sumed (see Nature, February 28, p. 579). 


THE AMERICAN MINIATURE NUCLEAR GENERATOR, SNAP III 


By W. S. EASTWOOD, L. B. MULLETT and J. L. PUTMAN 
Atomic Energy Research Establishment, Harwell, Didcot, Berks 


AP III, standing for System for Nuclear 

Auxiliary Power, is @ miniature device capable of 
powering the telemetering apparatus in a space rocket. 
Its source of power comes from the decay energy 
generated by a source of radioactive polonium-210. 
The energy is converted directly to electric current 
by attaching to the polonium capsule, which heats 
iiself to more than 700° F., a series of twenty radial 
thermocouple elements in the form of wheel spokes. 
The generator weighs 6 Ib. and is 4% in. in diameter x 
5} in. high. When originally charged, it held a 
content of : 3,000 curies of polonium-210. At the 
demonstration at the White House some four months 
later, an output of 5 watts electrical power was 
delivered with an efficiency of 8-10 per cent, 

The Martin Company of Baltimore built the device 
for the U.S. Atomic Energy Commission with the 
Minnesota Mining and Manufacturing Co., which 
owns patents on the thermocouples, as subcon- 
tractors. The contract was for 15,000 dollars, but 
the polonium source was quoted by the New York 
Times as costing 30 million dollars. Other American 
reports have given the basic cost of polonium as a 
hundred times less than this figure. ; 

_ The polonium-210 is in many ways a convenient 
wotope to use, since it generates 5-3-MeV. alpha- 
particles accompanied by a low proportion of gamma- 
tays. The energy per disintegration is high and can 

confined within the containing capsule, with small 
external background radiation. The whole apparatus 
may be handled for short times without receiving 
excessive radiation. 

Polonium has a half-life of only 140 days, so that 
the useful life of this 30-million dollar battery is 
about four or five months. Only in a space rocket 
where results are paramount and weight reduction 
's essential can one imagine a use for such a device. 
Furthermore, the efficiency of the device falls off in 
roughly linear fashion with the difference of tem- 
Perature between the hot and cold junctions, which 
“aa of course, as the radiation source decays. 

_lpha-emitting isotopes are a hazard, and 
Polonium-210 is in the highest class of toxicity. In 
bell 4II it is contained within two stainless steel 
shells and an outer one of molybdenum. Should the 


rocket head return to Earth, the need for three cap- 
sules will be apparent, since the maximum recom- 
mended human body-burden of radiopolonium is 
less than one hundred thousand millionth of the 
contents. 

Polonium-210 is made by bombardment of bismuth 


with neutrons in a reactor, followed by chemical 


separation : 
299Bi +n 2i9Bi —> 2igr? + B 


Owing to the alpha-particle hazard, all handling 
must be carried out in a ‘dry box’, and this together 
with the heat generated in the sample makes the 
compaction of 3,000 curies into a small capsule a 
fair technical achievement. The sealed containers 
are essential both for stopping the _alpha-particles 
and to prevent diffusion of the polonium by nuclear 
recoil accompanying decay. ; 
Various methods are known for conversion of . 

atomic radiation to electricity. Direet use of the 
charged alpha-particies would establish a voltage in 
the megavolt range, which is somewhat impractic- 
able. The electrons from a beta-active source can 
also be used directly to activate silicon, germanium 
or silicon carbide as a semi-conductor. The practical 
choice is at present confined to those processes using 


heat as an intermediary, and the most promising 
devices are thermionic diodes and semi-conductor 
thermocouples. 

In a ‘hard’ diode, an efficiency of the order of 
10-15 per cent has been obtained with a power 
density of 1 watt/sq. cm. of electrode by leaving very 
close spacing (about 0-0005 in.) between cathode and 
anode to reduce the space-charge effect. It is desir- 
able to have a cathode of low work function and an 
anode of even lower work function for re-entry of 
the electrons. In principle, a diode could work with 
anode and cathode at the same temperature. In 
practice, for a diode of more reasonable geometry the 
space charge can be neutralized with positive ions, 
and much effort is being applied to the problem of 
introducing desirable ions such as cesium. Any 
diode scheme, however, requires a temperature of 
the order of 1,000° C. or more. 








Thermocouple devices have also been developed 
to similar efficiencies, but operating at lower tem- 
peratures. The old-fashioned metallic thermocouple 
is limited to low efficiency by excessive heat con- 
duction, but semiconductors with poor heat trans- 
mission characteristics have revolutionized the field. 
The best material at present available is bismuth 
telluride doped with selenium and antimony to give 
negative and positive thermoelectric coefficients. A 
large number of these units can very conveniently be 
connected in series electrically and in parallel for 
heat flow. The efficiency is 5 per cent per 100 deg. 
C. temperature difference, but the maximum oper- 
ating temperature is limited to the region of 250° C., 
above which the efficiency falls and the material 
is degraded. It is believed that an extension to 
400° C. might be possible with special precautions. 
Lead telluride in alternate n and p type form is used 
in Snap. It has a lower efficiency for a given difference 
of temperature, but can be used at higher tem- 
peratures. The initial efficiency is quoted as 10 per 
cent, but after a half-life it falls to 5-6 per cent with 
an output of 3 watts. The initial power output is 


not directly quoted, but with 3,000 curies and 10 per 
cent efficiency it should be in the region of 10 watts. 
This would be consistent with an output after 140 
days of the order of 2-5 watts, a factor of two down 
in power of source and a further two for reduced 
There is 


efficiency. insufficient information to 


HE Indian Institute of Science, which marked 
its golden jubilee by a special meeting on 
February 2, owes its existence to the far-sighted 
vision of the well-known philanthropist, the late Mr. 
Jamshetji Nusserwanji Tata. Unfortunately, the 
founder did not live to see the fruition of his idea, 
and it was left to his two sons, the late Sir Dorab J. 
Tata and the late Sir Ratan J. Tata, to carry out 
their father’s wishes, with the active support of the 
late Lord Curzon, the then Governor-General of 
India, and Sir K. Sheshadri Iyer, who was at that 
time Dewan of Mysore. Mr. J. R. D. Tata, who is 
president of the Court of the Institute, opened the 
jubilee proceedings ; the guests included the Presi- 
dent of India, H.R.H. the Duke of Edinburgh and 
the Governor of Mysore. 

The Institute may be deemed to have come into 
formal existence on May 27, 1909, the date of the 
vesting order of the Government of India. The first 
batch of students was, however, admitted only in 
1911 with the Departments of General and Applied 
Chemistry and of Electrical Technology commencing 
to work. The Department of Organic Chemistry was 
added soon after. The Department of Biochemistry 
was opened in 1921 and that of Physics in 1933, 
when Sir C. V. Raman took charge as director of the 
Institute. 

To ths first director, Dr. Morris W. Travers, the 
distinguished chemist, and his colleagues, the In- 
stitute owes its sound foundations. Dr. Travers was 
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determine why lead telluride was used and not 
bismuth telluride. It could be that bismuth telluride 
came @ little too late, and the higher efficiency per 
100 deg. C. is not a very important factor ; or there 
might be @ more cogent reason for the high tem. 
perature of the source connected with a difficulty in 
achieving a low temperature of the base in an 
artificial satellite. 

Several other alpha-emitting isotopes might in 
theory be substituted for polonium, but it is unlikely 
that the natural or the trans-uranium elements would 
be available in sufficient quantities. The American 
press release suggested using the fission products 
Ce-144Pr (half-life 285 days) having a total beta. 
energy of 3-3 MeV. Here the compactness of the 
gadget must be sacrificed. Sources of high-energy 
beta-rays of this activity will be accompanied by a 
considerable bremsstrahlung background of X-ray; 
which would require appreciably heavy shielding. 

Apart from a better and cheaper supply, no great 
developments can be expected from the radioactive 
side of these generators. The methods of conversion, 
on the other hand, are the subject of considerable 
research, and new and improved alloys can be 
expected to raise the temperature of conversion and 
the efficiency. The stimulus for this work comes, 
however, from the more important possibilities of 
direct conversion of reactor heat or waste heat to 
electricity. 








succeeded by Sir A. G. Bourne (1915-21), Sir M. 0. 
Forster (1922-33), Sir C. V. Raman (1933-37), Sir 
J.C. Ghosh (1939-48), who has just died (see p. 645), 
and Prof. M. S. Thacker (1949-55). I took charge in 
March 1957. 

The Institute functions as an autonomous body in 
accordance with a scheme formulated by the Govern- 
ment of India under the Charitable Endowments 
Act. Its authorities include the President of the 
Republic of India as its ex-officio Visitor, a Court, a 
Council, a Finance Committee, a Board of Manage- 
ment for the endowed properties, a Board of Holding 
Trustees for the other properties, the Senate, the 
Faculties and the Director. The Director is the 
Chief Executive and Academic Officer of the 
Institute. e 

The Quinquennial Reviewing Committee, 1955, 
recommended that in place of the diplomas that it 
had been so far conferring on its students, the 
Institute should be enabled to confer degrees 
them. On the orders of the Visitor, the Institute 
now deemed to be a University under Section 3 of 
the University Grants Commission Act of 1956 for 
the purposes of that Act and is conferring the 
degrees of B.E., M.E., M.Sc., Ph.D. and D.Sc. 1 
of diplomas. : 

The accompanying figures (Table 1) give an ides 
of the Institute’s expansion since its beginning. 

Being in possession of well-equipped peso 
and as the leading postgraduate institution of t 
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Table 1 





| Expenditure | 
(rounded to No. of No. of 
nearest students | members 
thousand) Rs. of staff | 


Receipts 
(rounded to 


nearest 
thousand) Rs. 





54,14,000 














| 
66,64,000 | 


64,05 





country for advanced instruction and research in 
science and engineering, the Institute took up for 
investigation during the Second World War a large 
number of schemes of research sponsored by the 
Council of Scientific and Industrial Research, the 
Indian Council of Agricultural Research, the Indian 
Council of Medical Research and the Governments of 
Madras and Mysore. During that period, the In- 
stitute planned and established a Department of 
Aeronautical Engineering. When the War was 
drawing to a close, a further four-year expansion 
programme was launched with grants sanctioned by 
the Central Government. Under that programme, 
the Departments of Metallurgy (1945), Internal 
Combustion Engineering (1945), and Chemical Tech- 
nology and Chemical Engineering (1951) were estab- 
lished ; and laboratories for research in fermentation 
technology, food technology and pharmacology were 
set up. For the training of power engineers, a 
Department of Power Engineering was established 
in 1947 with laboratories for electrical, mechanical, 
civil and hydraulic and high-voltage engineering. A 
Section of Economics and Industrial Psychology, 
including industrial relations, and affording facilities 
for research in these subjects, was also started in the 
same year. 

In 1955, under a scheme for the development of 
facilities for technical education, additional post- 
graduate courses in automobile engineering (1956), 
foundry engineering (1956), soil mechanics and 
foundation engineering (1957), electronic engineering 
(1956), ultra-short and microwave engineering (1956), 
line communication engineering and acoustical en- 
gineering were provided. Further facilities for 
research in technical gas reactions, physical metal- 
lurgy, hydraulic machines, internal combustion 
engineering, electrical measurements and measuring 
instruments, transmission, distribution and network 
practice have been added. Recently, a Department 
of Applied Mathematics and a Section of Industrial 
; ne and Administration have been estab- 
ished, 

The Library of the Institute is one of the best 
scientific and technical libraries in India. 

The Institute publishes a quarterly entitled 
Journal of the Indian Institute of Science, containing 
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original papers by the research workers of the 
Institute. 

A noteworthy feature of the Indian Institute of 
Science is the objective itself with which it was 
founded, namely, for the provision of advanced 
instruction and the conduct of original investigations 
in all branches of knowledge that are likely to pro- 
mote the material and industrial welfare of India. 
The broader the objective, obviously the more 
difficult will it be of fulfilment. However, the facts 
that we started with good foundations and estab- 
lished at a very early stage traditions of research in 
pure sciences like physics and chemistry, that we 
added later, and at appropriate times, specialized 
branches of technology like power engineering, 
metallurgy and aeronautics, and also that we did not 
quite neglect mathematics and even the humanities 
are, in my opinion, the principles that helped us to 
face our task and make its fulfilment come as near 
the ideal laid down by the founder as possible. 

During the past fifty years, the Institute has 
grown to be one of the foremost centres of scientific 
research and advanced instruction in India. A large 
low-speed open-circuit wind tunnel of 9 ft. x 14 ft. 
test section was inaugurated during the recent 
jubilee celebrations. This tunnel is the only one of 
its kind in India, and will offer increased instructional 
and research facilities in aeroplane design. A modern 
a.c. network analyser, again the only one of its kind 
in India, has been in use for some time now in con- 
nexion with studies relating to power systems in the 
country. We are planning to put up and equip a 
modern acoustical laboratory to serve the purpose 
of training, research and testing in all branches of 
acoustics. There are many other lines of develop- 
ment which are not mentioned here for want of 
space. The Institute’s contribution to the instruc- 
tional aspect is reflected in the fact that more than 
three thousand of its alumni are now occupying 
positions of importance and responsibility all over 
the country in their fields of specialization. The 
research work done at the Institute has opened a 
new vista for generations of Indian scientists and 
engineers who go through its portals. Many young 
men and women from different parts of the country 
now eagerly look forward to joining the band of 
workers at the Institute. 

The Institute is, to a high degree, autonomous 
in character. In the past, we confined ourselves to 
research and training, largely at the postgraduate 
level, and we propose to retain this feature in the 
years ahead. Thus we are able to direct our techno- 
logical and scientific resources to carefully chosen 
specific purposes. We hope that against this back- 
ground the Institute and those associated with it 
will have a great part to play in promoting the 
progress of India. 


OBITUARIES 


Sir J. C. Ghosh 


Siz JnaN Cuanpra Grosn died suddenly at the 
- of sixty-four at his Calcutta residence on J anuary 
l. Thad been closely associated with him for some 
fifty years, 
Sir J. C. Ghosh was a leader in physical chemistry 
when he was the professor and head of the Chemistry 
partment of the University of Dacca, which he 


joined in 1921, being appointed in London by Sir 
Philip Hartog, the first vice-chancellor of the 
University. He served this University loyally for 
twenty years and with conspicuous success as @ 
teacher and research worker. By his devotion to 
science and his kindly nature, he attracted many 
young men and initiated them into scientific research. 
This seems to have been the best period in his career 
in the service of science and education. 
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In. 1915 Ghosh published his first paper on the 
electrolysis of solutions by alternating electric cur- 
rent in the Journal of the American Chemical Society. 
During the First World War, Snethlage (Z. phys. 
Chem., 90, 1, 139; 1915) published some papers 
criticizing the Arrhenius electrolytic dissociation 
theory. I pointed out the weakness of Snethlage’s 
views (Medd. Nobel Inst., 3, No. 15; 1916), and 
later developed my views in a paper to the Faraday 
Society, and a general discussion on the present 
position of the theory of ionization was organized in 
London by the Faraday Society on January 21, 
1919. In this general discussion Ghosh’s contributions 
to the basic conception of total ionization of elec- 
trolytes were considered and discussed and were 
favourably received by leading physical chemists of 
Britain, and papers by him were published in the 
Journal of the Chemical Society, London. However, 
other physical chemists scrutinized the conceptions 
and arguments of Ghosh and pointed out that they 
were not valid. Although Sutherland (Phil. Mag., 3, 
161; 1902; 12,1; 1906) and Milner (cbid., 25, 742; 
1913) introduced the conception of complete ioniza- 
tion, Ghosh’s papers were mainly responsible for the 
development of this idea and its applications by 
Debye and Hiickel in their theory of strong electro- 
lytes. Later, Ghosh and his collaborators published 
some interesting papers on catalytic gaseous reactions 
and photochemistry, which have been followed up 
elsewhere. 

During the Second World War, Ghosh was 
appointed director of the Indian Institute of Science, 
Bangalore, which expanded in various directions 
during his regime. In this period he was knighted, 
chiefly for his war services. 

When Dr. Shyama Prosad Mukherji was appointed 
Minister in the Union Government, he took Ghosh 
to Delhi to assist in the expansion of technology in 
India. After a short stay in Delhi, he was sent to 
be the first director of the Indian Technological 
Institute at Kharagpur, West Bengal. Then he was 
appointed the first whole-time vice-chancellor of the 
University of Calcutta ; but he had to give up this 
post after a short time on his appointment as a member 
of the Planning Commission for Science and Technology 
in India. 

Lady Ghosh, three sons and two daughters survive 
him. N. R. Duar 








Prof. W. Riddet 


Pror. Wi11am Ruippet, director of the Dairy 
Research Institute (N.Z.) at Palmerston North, New 
Zealand, died on December 30 at the age of sixty-two. 

Prof. Riddet was born of farming parents in Ayr- 
shire, Scotland. He graduated B.Sc. and N.D.A., 
N.D.D. (with honours) at the West of Scotland 
Agricultural College and the University of Glasgow. 
In 1921 he joined the staff of the West of Scotland 
Agricultural College, first as dairy instructor and 
later as lecturer. In 1925 he migrated to New Zealand 
to take up the then recently established Logan 
Campbell chair of agriculture at Auckland University 
College. In co-operation with Prof. G. S. (now Sir 
Geoffrey) Peren, then Walter Buchanan professor of 
agriculture at Victoria University College, Wellington, 
he organized the establishment, in 1927, of Massey 
Agricultural College, at Palmerston North, to which 
both professorships were transferred. At about the 
same time he played a leading part in the arrange- 
ments for the development of the Dairy Research 





NATURE 








March 7, 1959 


Institute (N.Z.), an organization set up under the 
wegis of the N.Z. Department of Scientific and Indus. 
trial Research to undertake scientific research work 
as a service to the rapidly expanding dairy products 
manufacturing industry. Prof. Riddet was appointed 
the first director of this Institute. 

Thus it was in the dual role of dean of dairyj 
(and later vice-principal) of Massey Agricultura] 
College and director of the Dairy Research Institute 
(N.Z.) that Prof. Riddet made his outstanding con. 
tribution to the advancement of dairy science and 
dairy practice, and thereby to the general welfare 
and prosperity of his adopted country. 

Prof. Riddet had from the outset that very impor- 
tant attribute of a leader in teaching and research, 
an original and ranging mind. His interests covered 
a wide field ; and wherever his interest lay his mind 
was active in devising and fostering ideas for investi- 
gation and research. Endowed with what seemed to 
be an inexhaustible reserve of energy, he devoted 
himself to his duties with an astonishing persistency, 

As a teacher he set for his students very exacting 
standards. The value of his teaching is shown in the 
calibre of the men who came under his influence— 
they are to be found occupying positions of high 
responsibility in New Zealand, in Great Britain, and 
in many other countries. His spirit lives in the 
training and inspiration he has passed on to these 
students. 

It lives, too, in the organization which he con- 
trotted from its beginnings, the Dairy Research 
Institute (N.Z.). Under his guidance the Institute 
has gained an international reputation for its work 
on a number of aspects of dairying practice. While 
the publications describing this work do not often 
carry his name as author or co-author, all those who 
have worked under him will readily acknowledge 
their debt to him. With typical generosity he made 
no claims, and passed on his ideas without reserva- 
tion. It was for him sufficient recompense that he 
could see the work being done and the Institute 
serving well the industry from which it drew its 
support. 

The impact of Riddet’s personality on the teaching 
of agricultural science, and on the dairy farming and 
dairy products manufacturing industry in New Zea- 


land, will be evident for many years to come. 
F. H. McDowatt 
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Mr. F. W. James 


On January 27, Mr. Francis Wogan James, 
librarian to the Imperial College of Science and 
Technology, London, died after years of illness most 
bravely and cheerfully borne. 

From Haverfordwest he went to the Royal College 
of Science as a Royal Scholar in 1930, and after 
taking his degree in 1933 he became a research 
student in inorganic chemistry. During 1936-38 he 
was research assistant to the professor of highway 
engineering in the Department of Civil Engineering 
of the City and Guilds College—a transfer from one 
to another of the constituent parts of the Imperial 
College which made it easy for him, in later years, 
to take a broad view of the needs of the whole 
College. : 

In 1938 ‘Frank’ James asked the Dean of the City 
and Guilds College for permission to apply for the 
post of College librarian—an appointment which, 
academically and financially, was junior to the one 
he was holding—in order to be in a better position 
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to contribute to science and learning by providing 
his colleagues and the students of the College with 
books and periodicals. How right he was the mem- 
bers of the College soon realized : although he never 
obtained a formal qualification in librarianship, he 

da fine sense of the essentials of library 
service and a great love of books, and in the past 
twenty years the library has expanded in size much 
faster than the College itself and its value to the 
readers grew from year to year. 

His work at the City and Guilds College was 
interrupted by war service, during 1941-46, in the 
Army. His work there was mainly concerned with 
motor transport and with radar, and his bent for 
these branches of engineering remained in clear 
evidence when he returned to his College on demob- 
ilization. 

Frank James loved books, but he took an even 
greater interest in his readers. He knew hundreds 
of students by name and the subjects on which they 
were working, and—being a scientist himself—knew 
the importance of acquainting them, as soon as a 
journal arrived, with papers in their fields of interest. 
Several new lines of research at the College were 
stimulated by his understanding of papers on similar 
subjects appearing in what seemed unlikely journals. 
In addition, he was, when asked, ready to offer his 
help in the design of apparatus and showed a fine 
understanding of the construction and use of chemical 
and electronic equipment. 

He possessed great charm and modesty and no 
member of the College had a greater fund of kind- 
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ness. Students from overseas were especially grateful 
to him, for he could sense the needs of shy and 
lonely people and give them comfort for which they, 
in turn, gave him their devotion. Frank James will 
be sadly missed by countless friends who will long 
remember the kindness received from him and his 
charming wife. In 1958 he was appointed to be 
librarian in charge of all libraries at the Imperial 
College, and it is the College’s good fortune that his 
spirit is alive in his staff. P. O. WoLF 


Dr. Marcel Ballay 


Dr. Marcet Battay, president and managing 
director of the Centre d’Information du Nickel, Paris, 
died on February 2 after a short illness. 

Born in 1896, Marcel Ballay entered early upon a 
career in metallurgy in the laboratory of the de Dion 
plant, of which he was afterwards appointed head, in 
1925. In 1928 he joined the Centre d’Information du 
Nickel, first as technical manager, becoming later 
vice-president and in 1954 succeeding M. Jean 
Dhavernas as president. In 1955 he was appointed 
an officer of the Legion of Honour in recognition of 
his services to industry and to the teaching pro- 
fession. He was a member of many learned societies 
in France and Great Britain. Under his direction 
the services offered to industry by the Centre 
d’Information du Nickel increased in importance, 
and it is as the head of that office and as a leading 
and respected metallurgist that Dr. Ballay will be 
remembered both in France and Great Britain. 


NEWS and VIEWS 


Airborne Radar at the Royal Radar Establishment : 
Dr. T. S. England 


Dr. T. S. Enaxuanp, who has been promoted to 
deputy chief scientific officer and appointed head of 
the Airborne Radar Department at the Royal Radar 
Establishment, Malvern, graduated from the Univer- 
sity of Durham with first-class honours in physics in 
1937 and remained at Durham to undertake research 
on the heating effects of ultra-short radio waves in 
dipole solutions. At the outbreak of the Second 
World War in 1939, he joined the Air Ministry 
Research Establishment (later the Telecommunica- 
tions Research Establishment) and worked primarily 
on the design of radar transmitters, initially at metric 
and later at centimetre wave-lengths, becoming head 
of the Transmitter Design Group in 1944. He was 
given leave of absence from Malvern during 1948-50 
to take up a research fellowship in medical physics 
& the University of Durham, when he applied 
his extensive knowledge of electronics to studies 
of the effects of microwave radiations on living 
tissues and of microwave resonance phenomena in 
paramagnetic solids and liquids. He was awarded 
& Ph.D. for his thesis on these researches. On return 
to the Telecommunications Research Establishment, 
Dr. England was for a time responsible for research 
techniques in the millimetre band before being 
appointed a superintendent of the Radar Ballistics 


oe at the Royal Radar Establishment in 


Defence Research Policy Staff : 
Mr. R. V. Whelpton 


Mr. R. V. WHELPTON, who has been promoted to 
deputy chief scientific officer and appointed Ministry 
of Supply representative on the Defence Research 
Policy Staff at the Ministry of Defence, took his 
M.Sc. at the University of Sheffield in 1938. After 
graduating in physics, he spent the next eight years 
with the research department of the Metropolitan- 
Vickers Electrical Company, where he worked on 
high-voltage research and on the development of the 
high-speed cathode-ray oscillograph. He was also 
engaged on investigations of transient phenomena 
in switchgear and the development of the electron 
microscope. In 1936 he joined Sir Robert Watson- 
Watt’s original team on research and development of 
ground radar at Orfordness and Bawdsey. This work 
in 1940 was transferred to the Royal Aircraft Estab- 
lishment at Farnborough, where Mr. Whelpton was 
also concerned with other aspects of radio research 
and development. In 1949 he continued on the same 
work with the Directorate of Electronics Research 
and Development at headquarters of the Ministry of 
Supply. In 1955 he was appointed scientific adviser 
on air defence to Supreme Headquarters Allied 
Powers in Europe (SHAPE) and was a member of 
the study group which led to the formation of the 
SHAPE Air Defence Technical Centre (SADTC) in 
The Hague. While at The Hague, as senior British 
representative, Mr. Whelpton pioneered efforts to 
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enable SADTC to promote integrated air defence for 
Nato. Mr. Whelpton is a Fellow of the Institute of 
Physics and he has published a number of papers, 
two of which have been awarded premiums by the 
Institution of Electrical Engineers. 


Ministry of Supply : Mr. J. H. Phillips 


Mr. J. H. Purirs has been promoted to deputy 
chief scientific officer and appointed to the head- 
quarters post of director of Guided Weapons (Tech- 
niques). In this post he will be responsible for 
directing research and development on guidance and 
control techniques, advanced engineering techniques 
specially applicable to guided weapons and on pro- 
pulsion. His career as a scientist has been almost 
entirely in the Government service. After taking an 
honours degree in physics at the University of 
London in 1937, Mr. Phillips worked throughout the 
Second World War on radio and radar problems, 
first at Bawdsey Manor and later at the Telecom- 
munications Research Establishments at Swanage 
and Malvern. This was followed by a two-year term 
as guided weapons liaison officer in the British 
Supply Mission (now British Joint Services Mission) 
in Washington. Moving then to the Royal Aircraft 
Establishment, Farnborough, he worked for four 
years in the Guided Weapons Department at the 
most formative period of this new activity. Thence 
he was transferred to the headquarters staff of the 
Ministry of Supply on similar work, and for the past 
two years has been serving as head of the guided 
weapons group in the British Joint Services Mission, 
Washington. 


Communication Principles at the Bell Telephone 
Laboratories : Prof. J. W. Tukey 


Pror. J. W. TuKEy, professor of mathematics at 
Princeton University and a member of the mathe- 
matical research department of the Bell Telephone 
Laboratories, has been appointed assistant director 
of research in communications principles at those 
Laboratories. Prof. Tukey will continue to occupy 
the chair of mathematics at Princeton, a post he has 
held since 1950. 

A native of New Bedford, Massachusetts, Prof. 
Tukey graduated in chemistry from Brown University 
in 1936 and was awarded the degree of Ph.D. by 
Princeton University in 1939. He joined the tech- 
nical staff of the Bell Laboratories in 1945. His work 
has covered development of new statistical tech- 
niques; broad analysis and synthesis problems 
related to complex weapons systems; and other 
problems with mathematical or statistical aspects. 
He was a Jacobus Fellow at Princeton in 1938-39, a 
Fellow of the John Simon Guggenheim Memorial 
Foundation in 1949-50, and a Fellow at the Center 
for Advanced Study in the Behavioral Sciences in 
1957-58. Prof. Tukey is a member of the Division 
of Mathematics of the National Research Council 
and serves on several of the Council’s committees, 
including the Committee on Atmospheric Sciences 
and the Committee on Behavioral Sciences. He has 
also served on a number of advisory committees to 
the United States Government, frequently in con- 
nexion with military problems. 


Zoology at University College, Canberra : 
Prof. J. D. Smyth 


Tue news of Prof. J. D. Smyth’s appointment to 
the chair of zoology in the newly established Science 
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Faculty in University College, Canberra, has been 
received with mixed feeling by Irish zoologists, 4 
Dublin man and a graduate of the University of 
Dublin, he has spent the greater part of his academic 
life in his Alma Mater. In 1948, he returned to 
Dublin when he was made a Fellow of Trinity College 
and lecturer in zoology. In 1954, he became a rro. 
fessor of experimental zoology. Prior to his return 
to Dublin, Dr. Smyth held appointments in the 
Universities of Leicester and Leeds. Prof. Smyth is 
known to physiologists and parasitologists alike 
through his research on the physiology of tapeworms, 
This work chiefly concerns the culturing of the 
Pseudophyllidae in vitro. His technique permits the 
aseptic removal of the plerocercoid larve from the 
body cavity of fish and their cultivation in various 
media. By raising the temperature to 40° C., he 
induced the plerocercoid to mature and reproduce. 
One interesting result of his work indicates that 
development, as far as oviposition, depends on some 
bacterial by-product in the medium. Work on 
Ligula intestinalis has yielded fertile eggs which 
hatched into normal coracidia, proving a much- 
debated point that the tapeworm is self-fertile. Using 
@ similar technique, Smyth also succeeded in showing 
that Schistocephalis solidus produced in vitro eggs 
capable of up to 85 per cent embryonation. Dublin 
has just conferred the degree of Sc.D. on Prof. 
Smyth—a fitting distinction and well earned. To 
him, his wife (Mildred Moore, also a graduate in 
zoology of the University of Dublin) and his two sons, 
his friends wish many happy years in the country 
of their adoption. 
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H. J. Hamburger (1859-1924) 

THE distinguished Dutch physiological chemist, 
Hartog Jakob Hamburger, was born at Alkmaar 4 
century ago on March 9, 1859. He studied chemistry 
at the University of Utrecht and, after obtaining his 
doctorate in science, served for seven years 4s 
assistant in physiological chemistry to Franz Cor- 
nelis Donders. Having graduated M.D., he became 
lecturer in physiology and pathology at the Utrecht 
Veterinary School in 1888, and in 1901 he was elected 
to the chair of physiology at Groningen, where ten 
years later he was responsible for creating a mag: 
nificent new institute. He was president of the 
International Physiological Congress held at Gron- 
ingen in September 1913 on the occasion of the 
twenty-fifth anniversary of its foundation. 

A skilled designer of ingenious and deceptively 
simple experiments and 3 tolerant and kindly man, 
Hamburger is remembered eponymously for his 
‘phenomenon’ (the chloride shift) ; his ‘interchange, 
also called ‘secondary buffering’ ; and his ‘law’, which 
states that, when blood is rendered acid, albumins 
and phosphates pass from the red blood corpuscles 
to the serum and the chlorides pass from the serum 
to the cells, and that the reverse occurs when the 
blood is rendered alkaline. As early as 1867 Nathan 
Zuntz had suggested that carbon dioxide is carried 
in the plasma by virtue of some substance present In 
the red blood corpuscles. It was Hamburger who 
furnished the final proof of this theory. Hamburgers 
best-known book is entitled ‘“Osmotischer Druck und 
Ionenlehre in den medizinischen Wissenscha' 
(three vols., Wiesbaden, 1902-4). He also contributed 
to our knowledge of calcium ions in phagocytosis 
of nemolysis. A member of the Royal Academy of 
Amsterdam and recipient of many honorary degree, 
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Hamburger died at Groningen on January 4, 1924, 
aged sixty-five. 
Peaceful Uses of Outer Space 

Mr. R. Axttan, Under-Secretary of State for 
Foreign Affairs, stated in a written answer in the 
House of Commons on February 24 that last Decem- 
ber the General Assembly of the United Nations set 
up an ad hoc Committee to study the question of 
international co-operation in the peaceful uses of 
outer space under United Nations auspices. The 
Committee, which is composed of eighteen member 
States, including the United Kingdom, the United 
States of America and the Soviet Union, is to con- 
sider the co-ordination of national research pro- 

es. So far, the Soviet, Polish and Czecho- 

slovak delegates have refused to participate in the 
work of this Committee, but Mr. Allan hoped that 
they will reconsider their decision. 
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Research on Road Accidents 

Ix a written reply to a question in the House of 
Commons on February 25 as to the steps being 
taken to increase research on the prevention of road 
accidents, Mr. H. Nicholls, Parliamentary Secretary 
to the Ministry of Works, representing the Lord 
President of the Council, said that extensive researches 
with this objective generally were being carried out 
by the Road Research Laboratory. This covered such 
problems as the control of vehicles during emergency 
braking, improvements in tyres and road surfaces to 
give better adhesion on wet roads, improvements in 
vehicle and street lighting, and in helmets for motor- 
cyclists. Safety aspects of motor-vehicle design to 
minimize injuries in road accidents were being 


investigated in the Slough area in co-operation with 


the police and the Medical Research Council. The 
staff available for this detailed study had recently 
been increased, and facilities for simulating accidents 
and testing individual components were being built 
up. Full co-operation existed, and the Laboratory 
studied research results obtained in the United 
States and elsewhere with a view of their application 
here. In 15 per cent of accidents studied in 1955-58 
& mechanical defect in the vehicles had played an 
important part and about half the defects were in 
the brakes. 


Chapelcross Nuclear Power Station 


Ar the United Kingdom Atomic Energy Authority’s 
nuclear power station at Chapelcross, near Annan, 
Dumfriesshire, the first of the four reactors, which 
became critical last November, has now been taken 
in service for the generation of electricity. The 
Chapelcross station, which will have a generating 
capacity of 184,000 kW. and will, when all four 
teactors are completed, feed about 140,000 kW. to 
the national grid, has been built by the United 
Kingdom Atomic Energy Authority as a dual-purpose 
station to provide plutonium and electricity. Another 
nuclear power station is being built by the South of 
‘eotland Electricity Board at Hunterston in Ayrshire 
for the provision of electricity and will supply 
320,000 kW. of power to the grid. The construction 
of Chapeleross is under the control of Messrs. Merz 
and McLellan, acting as agents for the Atomic 
Energy Authority’s Industrial Group; this is the 

| Occasion on which a private firm has been 
employed in this way in Britain on a major project. 
The official opening of the Chapelcross Station, by Sir 
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John Crabbe, Lord Lieutenant of Dumfriesshire, will 
be on May 2, when it will be open to the public. 


New Oceanographical Ship for Woods Hole 


THE sea-going fleet of the Woods Hole Oceano- 
graphic Institution, Massachusetts, was recently 
increased to five ships by the addition of the 92-ft. 
auxiliary ketch Aries, to do scientific work around 
Bermuda under Dr. John Swallow. Purchase of the 
ship was made possible with funds made available 
for the purpose by Mr. Richard J. Reynolds, of 
Sapelo Island, Georgia. Aries will be used mostly to 
study sub-surface ocean currents with the aid of Dr. 
Swallow’s neutrally buoyant floats, which were used 
last year in the discovery of a counter-current under 
the Gulf Stream and in studying the outflow of 
Mediterranean water through the Straits of Gibraltar 
in the co-operative effort of the British National 
Institute of Oceanography and the Woods Hole 
Oceanographic Institution during the recent Inter- 
national Geophysical Year. 

Built in 1953 of teakwood over steel frames, at 
the Camper and Nicholson Yard in Gosport, Aries 
was designed for world-wide cruising and is well 
appointed. Aft there is generous room for nine, and 
her forecastle has room for six. The ship is 70 ft. 
long on the water line, and has a beam of 19} ft. 
and a draught of 12 ft. Aries is equipped with a 
100-h.p. AEC Diesel engine capable of driving the 
ship at 8 knots and has a fuel capacity for 2,000 
miles. Built to Lloyd’s highest specifications, the 
vessel has copper sheathing on the bottom. The 
ship will remain under the command of her captain, 
John W. Gates; the Woods Hole Oceanographic 
Institution will operate her with a crew of eight. 
The fleet of the Woods Hole Oceanographic Institu- 
tion also includes the 213-ft. Chain, the 142-ft. 
Atlantis, the 125-ft. Crawford and the 110-ft. Bear. 
Two small vessels, Asterias and Risk, are used for 
inshore work. 


College Biology Courses on Television 


THe Fund for Advancement of Education estab- 
lished by the Ford Foundation has awarded Station 
KETC-TV and Saint Louis University a grant of 
58,300 dollars to cover the academic costs for the 
production of a film series entitled ‘Principles of 
Genetics”. The series of forty-five films, to be 
financed by the McGraw-Hill Co. of New York, are 
scheduled to be shown over KETC-TV network 
initially in the spring semester of 1960 and will serve 
as the basis for a regular college credit course in 
genetics. Simultaneous with the initial showing in 
Saint Louis, the films will be available to all colleges, 
universities, hospitals and industries throughout the 
world. Prof. John D. Dwyer, director of the Depart- 
ment of Biology, and Dr. Irwin H. Herskowitz, 
associate professor of biology in Saint Louis Univer- 
sity, will serve as special consultants in the organiza- 
tion of scientific data for the series of films. The 
subject-matter will be recorded on film by leading 
specialists in the field of heredity, and is the first 
television series in biology, given by a number of 
leading scientists, of the Educational Television 
Station’s plan for a College of the Air. 


Brachiosaurus Exhibit at the Smithsonian Institution 


THE Smithsonian Institution has recently placed 
on exhibit in the Dinosaur Hall of its Natural History 
Building at Washington one of the largest dinosaur 
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limb bones ever known. It is the humerus (upper 
arm bone) of the sauropod dinosaur, Brachiosaurus 
altithorax, and it was discovered ‘by D. E. Jones 
of Delta, Colo., who presented it to the Smithsonian. 
Geologically speaking, it is from the Morrison 
formation, of late Jurassic age (about 130 million 
years ago), in Montrose County, Colo. The bone is 
6 ft. 10 in. long. Brachiosaurus was a giant among 
dinosaurs, much larger than the familiar Bronto- 
saurus; it may have weighed as much as 55 tons. 
It is distinguished from other dinosaurs by the fact 
that its front legs were somewhat longer than its 
hind legs. This feature, the great length of the neck, 
and the projecting nostrils on top of the head seem 
to have been adaptations to its presumed habits. 
Brachiosaurus was a plant-eater that walked along 
the bottoms of lakes, lifting its head above the surface 
of the water to breathe. Brachiosaurus is known 
from North America, Africa and Europe. 


Ethnographic Films 

Tue Ethnographic Film Committee of Great 
Britain and Ireland presented three films at the 
National Film Theatre on March 1. Prof. C. von 
Fiirer-Haimendorf, who has recently returned from 
nine months field work in a Sherpa village on the 
Nepal-Tibet border, presented a colour film showing 
the Sherpas at work in their fields and with their 
yaks. It also showed a Buddhist festival in a 
monastery headed by a reincarnate lama. David 
Attenborough went to New Guinea as a zoologist in 
search of birds of paradise. He and his cameraman, 
Charles Lagus, filmed courtship and wedding cere- 
monies of some of the highland tribes. The film also 
showed the native method of manufacturing salt and 
of making the stone axes which are now largely used 
for ceremonial and prestige purposes. The Iban 
dyaks of Sarawak were formerly renowned as head- 
hunters, and head-hunting ritual still plays an 
important part in their lives. Hugh Gibb, with the 
co-operation of Tom Harrisson, curator of the Sarawak 
Museum, made a colour film showing their slash-and- 
burn method of cultivating rice, tattooing, weaving, 
and many aspects of domestic life in the long houses 
in which entire communities live, each family in its 
separate apartment. 

The Ethnographic Film Committee of Great 
Britain and Ireland is a committee of the Royal 
Anthropological Institute. It was established as the 
national committee in 1958 by the Joint Committee 
for Anthropological Research and Teaching, to co- 
operate with the national ethnographic film com- 
mittees of other countries. In addition to sponsoring 
film programmes for teaching and public presenta- 
tion, the Committee is preparing a catalogue of ethno- 
graphic films available in the United Kingdom. 


Department of Scientific and Industrial Research 

Grants for Students 

UnpER its second five-year plan, the Department 
of Scientific and Industrial Research proposes to 
increase substantially the number of its postgraduate 
studentships and fellowships in science and tech- 
nology. By 1963-64 expenditure on this scheme is 
expected to exceed £1-5 million and the postgraduate 
students supported to number 3,800 in place of the 
present nearly 1,900. Grants for special research 
projects at universities and colleges under the 
Department’s scheme, including provision for research 
in the human sciences in relation to industrial needs, 
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are expected to increase three- to four-fold, io about 
£1-75 million in 1963-64. The latest issue of “Notes 
on D.S.I.R. Grants for Graduate Students and 
Research Workers” (pp. 28. London: HM 
Stationery Office, 1959. 1s. 9d. net) gives full details 
of the regulations governing such awards, with an 
appendix on awards tenable abroad. The rates for 
the latter, while varying from country to country 
will be equivalent to those received by a student a 
a Fellow in Britain, and in addition, second-class raj] 
fare and travel subsistence will be paid. Research 
fellowships vary between £700 and £850 a year and 
are normally held for two years. Under the student. 
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ship scheme, approved fees are paid to the appropriate ; 
authority and the maintenance grant paid to the : 
student varies from £420 a year to students living in 7 
college, hostel or lodgings at Oxford and Cambridge, . 
£400 at London and £340 elsewhere, to £285 to fn 
students living with parents in London and £270 to be 
students living with parents elsewhere. th 
International Association for the Exchange of hy 
Students 19, 
TuE report for the year ended September 1958 of aul 
the International Association for the Exchange of lo 
Students for Technical Experience is accompanied ele 
by a survey of the first ten years of the Association Iti 
in Great Britain during 1948-57. In the summer i 
vacation of 1958, 776 students went abroad and 829 peu 
students were received ; forty-two universities and 7 
colleges are now affiliated and twenty-four countries 
participate, Of the 4,968 students sent abroad from Ret 
Great Britain under the Association in 1948-57, T 
nearly a third (1,504) were from the Imperial College T 
of Science and Technology; 272 were from the Bod 
University of Durham, 263 from Birmingham, 220 nolc 
from Bristol, 238 from Manchester, 228 from Cam- reco 
bridge, 186 from Glasgow, 180 from University College, Full 
London, and 173 from the University of Leeds. In and 
1958 it became necessary to restrict the nomination 148 
of students to those completing the penultimate year tien 
on an undergraduate course who had already had from 
some previous industrial experience in Britain. 353 
Stress is laid on the contribution by British industry, read 
and an evaluation of the exchange based on informa- impo 
tion from reports on 4,269 students indicates the appo 
undoubted success of the scheme. . With scarcely Depa 
any exception, the students proved genuinely anxious done 
to work hard and gain the maximum benefit, but the the ] 
vital necessity of great care in selecting students for exten 
the exchange is stressed. depar 
propa 
Grants for Study Overseas 400 
Tue British Council handbook entitled “Scholar. room 
ships Abroad, 1959-60” (pp. iii+27. London : British Besid 
Council, 1959), to which the director-general, Sit and } 
Paul Sinker, contributes a foreword, lists by country inelud 
awards offered by foreign governments and univer- ps: si 
sities to enable British students to continue their ay u 
studies abroad. Mostly they are offered annually, se 
and the handbook includes particulars of conditions, Digit 
value, duration and fares as well as of method 0 Dat 
application and the closing date for receipt “ I hand) 
applications. form, 
contin 
Toxicology and Applied Pharmacology rif 
AFTER the recent appearance of a new British prt 
pharmacological journal, Biochemical Pharmacology, Ltd , 
it comes as somewhat of a shock that a new toxie Equipe 
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logical journal has been published in the United 
States. For each individual scientist it becomes 
increasingly difficult to keep up with the literature, 
and the immediate reaction to any new item on the 
list of journals is one of resentment. However, it is 
true that, as the editors of Toxicology and Applied 
Pharmacology point out, an increasing number of 
toxicological investigations are carried out in indus- 
try, government departments and universities, and 
that it would help the workers in toxicology to have 
the investigations collected in a single journal rather 
than scattered in many periodicals. It may, in fact, 
relieve pressure On the space available in the existing 
harmacological journals if some of the toxicological 
material need no longer be published there. The new 
journal will only publish papers written in English, 
and the first issue consists of papers by authors 
from the North American continent. The editorial 
board, however, includes non-American members, so 
that contributions by authors from other continents 
will obviously be welcome. The first issue of Tozico- 
logy and Applied Pharmacology (1, No. 1; January 
1959. Pp.iv+1-118. Published bi-monthly. Annual 
subscription, 13 dollars or 93s. New York and 
London: Academic Press, Inc., 1959) contains 
eleven papers, mostly on toxicity tests in animals. 
It is well produced, but it may be regretted by some 
readers that the summaries of the papers are in small 
print, since they are the most widely read part of a 
journal. 
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Report of the Imperial College of Science and 
Technology, London, for 1958 


Tue fifty-firss annual report of the Governing 
Body of the Imperial College of Science and Tech- 
nology, London, for the year ended July 31, 1958, 
records a further increase in the number of students. 
Full-time undergraduate students numbered 1,589 
and postgraduate students 848, increases of 74 and 
148, respectively, on the previous year, while part- 
time students (nearly all postgraduates) increased 
from 324 to 674. The teaching staff increased from 
353 to 380, bringing the total of professors and 
raders to 36 and 62, respectively. The growing 
importance of nuclear technology was marked by the 
appointment of a reader in nuclear technology in the 
Department of Chemical Engineering, and the work 
done in the study of automatic control systems in 
the Department of Electrical Engineering is being 
extended to take account of the needs of other 
departments. At the end of the session the College’s 
proposals for a new residential block to house nearly 
400 students and provide refectory and common- 
toom space for larger numbers was approved. 
Besides the statement of accounts, departmental notes 
and lists of publications, appendixes to the report 
include lists of special lectures, details of staff changes 
and Sir Alexander Fleck’s address on Commemoration 
Day in October 1957. 


Digitizers and other Equipment for Data Processing 


Data processing schemes are generally required to 
handle information which is originally in analogue 
form, that is to say, the signal takes the form of a 
‘ontinuous variable. For transmitting this informa- 


"on it is convenient to quantize it into discrete 
pi and then to transmit it in digital form. A 
Pr “ly catalogue published by Hilger and Watts, 
ste London, and entitled “Digitizers and other 
{pment for Data Processing”, describes the prin- 
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ciples of operation, and gives full technical information 
concerning a number of analogue — digital converters 
or digitizers, mainly of the type in which an input 
shaft drives a coded disk. Both mechanical and 
optical read-off systems are available. Details are 
also given of various ancillary equipment, including 
numerical displays, amplifiers and a typewriter for 
printing values of measured variables. 


Scientific Careers in the Ministry of Supply 


UnpER the title “An Invitation to Science 
Graduates’, the Ministry of Supply and Central 
Office of Information have issued a booklet describing 
scientific careers open in the Ministry of Supply, 
copies of which are being sent to honours graduates 
in science as they qualify in British universities over 
the next two or three years. Besides indicating the 
nature of the careers, conditions of service, oppor- 
tunities for promotion, the booklet gives particulars 
of how to apply. 


Biological Effects of Space Flight 


TuHE United States National Academy of Sciences— 
National Research Council has set up an Armed 
Forces—National Research Council. Committee on 
Bio-Astronautics to advise the Armed Forces on 
matters concerning the biological or medical aspects 
of space exploration. The following scientists— 
representing different fields of endeavour in univer- 
sities, private research organizations, and the Armed 
Forces—have been appointed to the Executive 
Council: Chairman, Dr. Otto H. Schmitt (Depart- 
ment of Physics, University of Minnesota); Vice- 
Chairman, Dr. Melvin Calvin (Department of Chem- 
istry, University of California, Berkeley) ; Members, 
Dr. Howard J. Curtis (Department of Biology, 
Brookhaven National Laboratory), Dr. Paul M. Fitts 
(Department of Psychology, University of Michigan), 
Brig.-Gen. Don D. Flickinger (Directorate of Life 
Sciences, Air Research and Development Command), 
Dr. John D. French (Department of Anatomy, 
University of California Medical Center, Los Angeles), 
Capt. Charles F. Gell (Office of Naval Research), Dr. 
James D. Hardy (U.S. Naval Air Development 
Center, Johnsville, Pa.), and Col. Robert H. Holmes 
(Research and Development Command, Office of the 
Surgeon General, Department of the Army). Ad- 
ministrative responsibility for the Committee has 
been vested in the National Research Council’s 
Division of Medical Sciences, under the chairmanship 
of Dr. R. Keith Cannan. The other members of the 
Committee are Dr. Sam F. Seeley (secretary) and 
Major Kay Cutler, of Air Research and Development 
Command. The full Committee on Bio-Astronautics 
—which will consist of more than a hundred members, 
of whom at least half will be nominees of the Armed 
Forces—will meet periodically to review scientific 
and technical problems, exchange information, and 
establish liaison between investigators with allied 
interests. It will concern itself with any field of 
science or of technology bearing upon bio-astronautics, 
including pertinent aspects of astronautics, biology, 
chemistry, medicine, physiology, psychology, and 
related interdisciplinary sciences. 


The Association of Consulting Scientists 

Tae Association of Consulting Scientists has 
recently been formed, to act as a clearing bureau for 
inquiries for independent scientific services. Member- 
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ship of the Association embraces independent whole- 
time consulting scientists in the United Kingdom in 
all fields of science and technology other than 
medicine and civil, mechanical and electrical engin- 
eering. The founding members are mostly chemists 
and biologists, but physics and other sciences are 
expected to be represented soon. The new Association 
will operate in close collaboration with the Royal 
Institute of Chemistry and other professional] in- 
stitutes, and with organizations concerned with the 
co-ordination of British efforts in research, pro- 
duction and marketing. The following officers of the 
Association have been elected: Chairman, Dr. J. G. 
Davis; Hon. Treasurer, Dr. G. W. Ferguson ; Hon. 
Secretary, W. H. Stevens, to whom inquiries can be 
addressed at 15 Hawthorne Road, Bromley, Kent. 


The Leopoldina German Academy of Sciences : 

Elections 

TxuE Deutsche Akademie der Naturforscher Leopol- 
dina, Halle, recently elected the following new mem- 
bers, in the sections indicated: Anatomy, Prof. 
Stefan Krompecher (Debrecen, Hungary), Prof. 
Dietrich Starck (Frankfurt am Main), Prof. Friedrich 
Wassermann (Lemont, Illinois), Prof. Wolfgang 
Bargmann (Kiel) ; Surgery, Prof. Willi Felix (Berlin), 
Prof. Karl Vosschulte (Giessen), Prof. Rudolf Zenker 


(Munich), Prof. Heinrich Kuntzen (Jena), Prof. 
Egbert Schwarz (Erfurt); Zoology, Prof. Manfred 
Gersch (Jena); Mathematics, Prof. Heinz Hopf 


(Zurich), Prof. O.-H. Keller (Halle); History of 
Science and Medicine, Prof. Pedro Lain Entralgo 
(Madrid), Prof. N. A. Figurovskij (Moscow), Prof. 
P. A. Juschkewitsch (Moscow); Chemistry, Prof. 
Josef Anton Goubeau (Stuttgart); Botany, Prof. 
Bohumil Némee (Prague) ; Physiological Chemistry, 
Prof. John T. Edsall (Cambridge, Mass.) ; Odontology, 
Prof. Wilhelm Meyer (Géttingen) ; General Biology, 
Prof. Eduard Kellenberger (Geneva). 


“Some Palawomagnetic Investigations on Chinese 

Rocks’”’ 

Dr. A. E. M. Narens has written in connexion 
with this communication in Nature of January 24, 
p. 254, stating that the present Fig. 1 is incorrect ; 
the plotted points are mirror images of the actual 
points. On the original tracing, the graduations were 
drawn on one side of the sheet and the experimental 
points were, unfortunately, inserted on the other 
side ; in preparing the block, the tracing was photo- 
graphed from the wrong side. 


Announcements 

Pror. I. N. SNEDDON, professor of mathematics in 
the University of Glasgow, has been awarded the 
Makdougall-Brisbane Prize for 1956—58 of the Royal 
Society of Edinburgh for his work on thermal stresses 
published in the Proceedings of the Society within 
the period of the award. 

Tue Institution of Electrical Engineers is organ- 
izing an International Convention on Transistors and 
Associated Semiconductor Devices, which will be 
held at Earls Court, London, during May 21—27, 
together with an exhibition of scientific instruments 
émploying such devices. Further information can be 
obtained from the Secretary, Institution of Electrical 
Engineers, Savoy Place, London, W.C.2. 

THE second conference on Liquid Fuels, organized 
by the Institute of Fuel, is to be held at the Palace 
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Hotel, Torquay, during May 11-14, when twenty-one 
papers will be presented. Enrolment forms are ayail. 
able from the Secretary, Institute of Fuel, 18 Devon. 
shire Street, London, W.1, from whom further 
information can be obtained. 
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A JOINT meeting of the British Radio Frequency 
Spectroscopy Group and the Groupement AMPERE 
will be held in the Physics Department, Queen Mary 
College (University of London), Mile End Road 
London, E.1, during April 1-3 on “The Study of 
Molecular and Atomic Motions in Solids and Liquids 
by Radiofrequency Methods”. Further information 
can be obtained from Dr. J. G. Powles at the address 
given above. 


THE Conference of the Oil and Colour Chemists’ 
Association will be held in Edinburgh during May 
5-9. The technical sessions, under the general title 
‘‘A Survey of Polymers”’, will be held in the North 
British Hotel under the chairmanship of Prof. E. L, 
Hirst. Registration forms and further information 
can be obtained from the general secretary, R. H. 
Hamblin, Oil and Colour Chemists’ Association, 
Memorial Hall, Farringdon Street, Holborn, London, 
E.C.4. 


A CONFERENCE on Industrial Prospects in Nuclear 
Energy is being organized by the European Nuclear 
Energy Agency of the Organization for European 
Economic Co-operation. The conference, sponsored 
by the industrial federations of member and 
associated countries, and by the Council of European 
Industrial Federations, is to be held in Stresa, 
Italy, during May 11-14. Further information can be 
obtained from the European Nuclear Energy Agency, 
38 Boulevard Suchet, Paris 16¢. 


A sornt meeting of the AGARD Aeromedical and 
Flight Test Techniques and Instrumentation Panels 
will be held in Athens during May 11-15. The 
subject of survival and the reactions of the pilot to 
unforeseen hazards will be discussed. Special papers 
will be presented on : escape and survival techniques ; 
medical and human engineering aspects of flight in 
non-conventional aircraft ; and psychopathological 
stress problems in flying personnel, considered 
exclusively with reference to research required, or 
data obtained from research already carried out. 
Further information can be obtained from the 
Advisory Group for Aeronautical Research and 
Development, Organisation du Traité de 1’ Atlantique 


Nord, Palais de Chaillot, Paris 16°. 


A JoINT symposium on Instrumentation and 
Computation in Process Development and Plant 
Design, organized by the Institution of Chemical 
Engineers, the Society of Instrument Technology and 
the British Computer Society under the egis of the 
British Conference on Automation and Computation, 
is to be held at the Central Hall, Westminster, 
during May 11-13. Sessions will be devoted to im- 
proving the efficiency of existing processes; the 
design of new processes; the application of on-line 
computers; recent developments in instruments, 
on-line computers and computers for design; and 
the use of computer techniques in large and | 
companies. Preprints of the proceedings will be 
available ; attendance is open to members of the 
sponsoring bodies and non-members on payment of 
a registration fee. Further details can be obtained 
from the General Secretary, Institution of 


Engineers, 16 Belgrave Square, London, §.W.1. 
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NEW CANADIAN FIRE RESEARCH LABORATORY 
By R. F. LEGGET 


Director, Division of Building Research, National Research Council of Canada 


IRE research in Canada advanced significantly 
with the opening on October 3 of the new Fire 
Research Laboratory of the National Research 
Council of Canada at Ottawa. The new building 
forms part of the Building Research Centre of the 
(ouncil’s Division of Building Research. It. is 
situated on the extensive property of the Council 
known as the Montreal Road Laboratories, an area 
of about 400 acres in which the three engineering 
research divisions of the National Research Council 
and some other Council establishments are situated. 
The official opening of the building was performed 
by Dr. F. M. Lea, director of the British Building 
Research Station, assisted by Mr. Dennis Lawson, 
the newly appointed director of the British Joint 
Fire Research Organization, both of whom had come 
to Ottawa especially for the occasion. The Canadian 
Division of Building Research has close liaison with 
both these British research organizations, the debt 
to which in the development of its work and in the 
planning of the new building was acknowledged by 
the director during the opening ceremony. 

The opening of the new building followed a two- 
day conference on fire research and fire prevention, 
at which statements were presented regarding the 
work of all the major fire-prevention agencies of 
Canada. Speakers from the United States, Britain 
and Canada gave a review of fire research throughout 
the world. Some details of Canadian fire research 


Fig. 1. 


were given to the conference, including preliminary 
results from full-scale burns of eight buildings in the 
small town of Aultsville, abandoned because of 
flooding caused by the construction of the inter- 
national power dam on the St. Lawrence. 


The fire research building (Fig. 1) has basically the 
shape of a large T, with offices and laboratories in 
the front wing, and the large furnace laboratory and 
a burn area for model studies in the rear wing. 
One-story additions have been erected on either side 
of the furnace laboratory to provide storage and 
workshop facilities, garage space for the station 
wagon used in field investigations, a control room 
for the operation of the fire-resistance furnaces, and 
additional laboratory facilities for hydraulic testing. 

The building covers an area of 20,000 sq. ft. and 
has a total volume of more than 550,000 cu. ft., of 
which nearly half is made up of the volume of the 
40-ft. high structure housing the furnace laboratory 
and the burn area. The total contract price, including 
all extras, which amounted to less than 4 per cent 
of the original cost, was 820,000 dollars, or a cost 
per cubic foot of less than 1.50 dollars. 

The building, founded throughout on solid rock, 
consists of a structural steel frame supported on 
reinforced concrete. The outside walls, built of 
structural clay tile, are finished with stucco on metal 
lath on the outside and with glazed tile on the inside. 


oe 


(Photograph ; National Film Board of Canada) 


Fire Research Building of the Division of Building Research, National Research Council, Ottawa 
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The area to the rear of the Fire Research Building 
was the site of an old quarry. Its rocky floor, which 
is approximately 5-10 ft. below the level of the 
surrounding area, provides an excellent outdoor 
experimental site on which to conduct large-scale 
tests on extinguishing fires. 

The fire-resistance test facilities consist of two 
furnaces, complete with auxiliary equipment, together 
with the associated facilities for constructing, hand- 
ling, conditioning and disposing of large test speci- 
mens. The design of the special facilities contained 
in the laboratory was carried out concurrently with 
the design and construction of the building itself, by 
a separate firm of consultants, Ewbank and Partners 
(Canada), Ltd., working in co-operation with the 
architects and engineers for the building. 

The wall furnace (Fig. 2) consists essentially of a 
movable burner assembly open at the front, with 
the burners situated in the rear wall of the unit. 
The combustion chamber is completed when the 
front face of the burner assembly is fixed to the 
specimen under test. In this position the top of the 
furnace is immediately under the flue used for 
removing the combustion gases. 

The size of the specimen exposed to the combustion 
chamber is 12 ft. by 12 ft., although the loading 
frame itself will accommodate a specimen 14 ft. by 
14 ft. The heat in the combustion chamber is sup- 
plied by 100 burners having a capacity of 50 cu. ft. 
of gas per hour at a pressure of 25 lb./in.. The 
fuel used is propane, having a gross heating value of 
approximately 2,500 B.T.U./cu. ft.; thus the max- 
imum total heat input is approximately 12,500,000 
B.T.U./hr. 

The floor furnace (Fig. 3), in contrast to the wall 
furnace, is a fixed installation. The burners are 
installed in the two long sides and the two flues are 
permanently connected to the common flue used for 


me 


(Photograph : National Film Board of Canada) 


Fig. 2. Loading frame with wall specimen in wall furnace in the 
furnace laboratory 
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(Photograph ; National Film Board of Canada) 


Fig. 8. Floor furnace in the furnace laboratory 
conducting the flue gases from the building. The 
combustion chamber is completed when the specimen 
is laid on top of the furnace. 

The furnace at present will allow a floor specimen 
to have an area of 12 ft. by 15 ft. exposed to heat. 
When using this furnace for testing beams it will be 
possible to extend a beam past the furnace wall and 
load this portion of the beam as well. 

Heat is supplied by means of thirty burners 
(fifteen on each side), each burner having a capacity 
of 220 cu. ft. of gas per hour at a pressure of 25 Ib./in.*. 
As in the case of the wall furnace, propane will be 
the fuel, so that the gross heat input is approximately 
16,500,000 B.T.v./hr. 

Liquid propane is stored in a 1,750-gallon tank 
situated outside the building. When operating the 
furnaces, the liquid is passed through three vaporizers, 
each capable of vaporizing 70 gallons of propane per 
hour at 25 Ib./in.?. The gas is then piped underground 
in a 4-in. pipe to the building. Inside the building 
the propane then passes through a diaphragm motor 
control valve, which closes if there is a failure of the 
control air. There is a pilot flame by-pass valve in 
the line before the motor control valve, and two 
shut-off gas cocks immediately after this valve direct 
the flow either to the floor or to the wall furnace. 
The wall furnace has ten banks of burners with ten 
burners in each bank, while the floor furnace has 
five banks of three burners each on each side. Each 
group of three burners is fitted with a solenoid: 
actuated shut-off valve and pressure gauge. 

The combustion control for both of the furnaces 
is furnished by a potentiometric temperature-pro- 
gramme controller which follows the time — tem 
perature curve designated in the current US. 
Standard (ASTM £119-57, Standard Methods of 
Fire Tests of Building Construction and Materials). 

The two large furnaces will be put to use immedi: 
ately for carrying out tests upon the fire-resistanee 
of building materials in current use in ; 
These tests must be done since the furnaces af 
unique in Canada, but they involve an element of 
research, and the furnaces will be used for researtl: 
investigations whenever possible. In the laboratories, 
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studies will continue on the properties of foam as an 
extinguisher of fire, into the problems of radiation 
from fire and on more detailed questions such as those 
rlated to the burning characteristics of materials. 
The results of all work will be made available to the 
committees responsible for the National Building 
(ode of Canada for incorporation into successive 
revisions. The Code is an advisory document pub- 
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CHANGING 


HERE are clear signs that the post-war period 
fhe steady expansion is coming to an end. Euro- 
competition is increasing, and there is a 
formidable growth of productive capacity in every 
continent. Apparent over-capacity in industry, the 
coming of nuclear power, international shortage of 
capital and low raw material prices are all con- 
tributing to a readjustment of the world’s economy 
and are posing a direct challenge to British manage- 
ment. 

This was the theme of the national conference of 
the British Institute of Management which was held 
at Brighton during November 26-28, 1958. The 
variety of papers presented by many distinguished 
speakers gave the hundreds of delegates considerable 
choice of meetings to attend; this is one of the 
admirable features of the Institute’s conference which 
commends it to so many members but also makes 
it impossible to describe adequately. In two days 
there were twenty-three separate meetings and at 
least twenty-five study groups at which the topics 
ranged from staff assessment and grading to the best 
we of scientists in industry, the balance between 
technological education and management education 
and the problems of accounting in large multi-unit 
undertakings. 

In the opening address Sir Harold Howitt, one of 
the three members of the Council on Prices, Pro- 
ductivity and Incomes, emphasized that the chief 
challenge facing management is inflation. So-called 
creeping inflation with its cumulative effects may 
soon become gulioping inflation and get out of hand. 
But it is no use paying lip service to the desirability 
of killing inflation unless one is prepared to take the 
medicine that is involved in the process. Nor is it 
any use putting all the blame for inflation on one or 
other section of the community or expecting it to 
take all the medicine. All must exercise restraint. 
Wage increases are not harmful if they keep within 
the increase in productivity, since prices can then 
Temain stable and the increase in wages will have 
been real. In the industrial field as a whole, total 
profits after depreciation frora 1950 to 1956 have been 
about one-third as much as wages and salaries ; profits 
must bear their share of responsibility for inflation. 

One of the most important contributions to the 
conference was made by Griffith Page, managing 
director of the National Union of Manufacturers 
Advisory Service, Ltd., who described the ways in 
which small firms were being helped towards greater 
efficiency. Five years ago the Union was set up as a 
‘partment of the National Union of Manufacturers, 
with financial aid under the Conditional Aid Scheme, 
and with emphasis on management and production 
eonation. The lines along which the service 
eveloped were decided by the nature of the problems 
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lished by the National Research Council of Canada, 
and has legal effect only when adopted by municipal- 
ities for their own local use. It is already in legal use 
in this way for well over one-third of the population 
of Canada. As its adoption spreads, the results of the 
fire research programme will therefore be of direct 
effect to a large proportion of the people of the 


Dominion. 


INDUSTRY 


presented by the firms who sought its aid, by con- 
viction that efforts and resources should be directed 
towards making the maximum possible impact in 
terms of productivity and efficiency upon the general 
population of small firms, and by the necessity to 
make the service self-supporting. 

The natural interest of the membership of the 
National Union of Manufacturers and occasional 
Press reports have been adequate to generate a flow 
of inquiries, the follow-up of which has kept a 
growing staff fully engaged. 

Altogether, some five hundred firms, representative 
of a wide cross-section of the smaller firms, have used 
the service, and the Union’s Advisory Service has 
been able to acquire an increasingly intimate under- 
standing of the financial pattern, the management 
structure, the production organization and the 
problems of small firms. Although the promotion of 
work study as a principal agency for promoting 
higher productivity held, and does still hold, an 
important place among the objectives of the Advisory 
Service, it was necessary to take a wider view of the 
management problems in small firms. This led to 
the adoption of a survey technique which approx- 
imates to the American concept of the management 
audit. Such surveys involve an appraisal of the 
overall business position of a company, its industrial 
standing, its policy and objectives, financial position, 
management structure, sales organization and pro- 
ductive efficiency. Their purpose is to enable the 
National Union of Manufacturers Advisory Service, 
Ltd., to indicate in what directions companies can 
most beneficially take action to improve their 
prosperity and well-being. 

After such a survey, recommendations are made, 
and these may cover any one or a number of areas 
of management responsibility. The firm may be 
advised to install one or other of the principal 
management techniques, of which work study is 
predominant, because it usually provides the neces- 
sary foundation for others, like production control 
and standard costing. The introduction of work 
study is one which requires an appreciable period of 
full-time assistance, and the Advisory Service staff 
of industrial engineers is available to shoulder the 
main responsibility for its introduction and to train 
members of the firm’s own staff so that the schemes 
introduced shall be properly maintained. The 
Advisory Service seeks to assess the limitations and 
the potentialities of the smaller firms in the total 
business sense, to explain how sound principles of 
management and modern techniques of management 
can be applied in the context of their own highly 
individual situations, to indicate the advantages 
which can flow from their adoption and, in so far as 
it is necessary to ensure that this is adequately 
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accomplished, by helping them either on @ part-time 
or full-time basis over a period. ‘ 

In a thoughtful and stimulating paper concerned 
with the challenge of change in export markets, Mr. 
B. H. Dyson, sometime director and general manager 
of Hoover Overseas Production, Ltd., emphasized 
that, although many people think that Britain’s 
troubles stem from trade unions, shop stewards, 
restrictive practices, cradle-to-grave social services, 
or nationalized industries, the restrictive outlook and 
practices of management could be more dangerous. 
The most dangerous factor in Britain to-day is 
acceptance of the lowering of the standard of 
expectancy. How can one expect a higher standard 
of living and yet apply less physical, mental and 
spiritual effort towards its attainment ? The chal- 
lenge of the change calls us to create the attitude of 
mind conducive to arousing the desire of achieve- 
ment. One factor which can actively contribute to 
the conversion of high wages into low costs and 
competitively priced products into a higher standard 
of living is the continuous and progressive rise in 
both management and worker productivity. Future 
success will depend almost entirely on directors and 
management having the courage to accept change ; 
products of superior styling and design; manufac- 
turing at competitive costs, consistent quality and 
realistic delivery ; good salesmanship and adequate 
service. 

To-day with many directors and managers the 
home market takes precedence over export markets 
simply because the home market is familiar to them 
and its requirements fully understood. With export 
markets the profit margins are smaller, adding further 
to the temptation to rely on the more assured and 
less exacting demands of the home market. Only 
too frequently a company will take infinite trouble 
to appoint a representative to look after the Birming- 
ham market, but will be content to appoint an agent 
(without even having seen him) to look after a whole 
country abroad. 

The only way to explore the possibilities of business 
overseas is by personal visits to gain knowledge of 
the country itself, of the sort of competition which 
exists there, of the sales methods which will work 
most successfully, and of the field covered by other 
foreign competitors as well as by the nationals. 

If the extent of the business potential does not 
warrant setting up an overseas company, the 
appointed representative should know details of the 
company’s expectations, prices, terms of payment, 
stocks, service, advertising samples, methods of 
handling competitive merchandise, commission, 
profits, deliveries, expenses, literature and price lists. 

Not enough training is being given for the export 
market. Not enough engineers from the countries 
now developing towards an individual economy are 
being offered postgraduate training with British 
engineering firms, while British sales and technical 
engineers going overseas for their companies are not 
being given the necessary additional training in the 
customs and language of the overseas countries to 
enable them to present British industry at its best. 

Often in overseas markets a typical British design 
is not acceptable, and the overseas customer cannot 
always be sold the idea that the British home market 
is the acme of good design. Full-sized British egg- 
cups are not suitable for the small-size Indian and 
Asiatic egg, and lawn mowers built for the trim 
lawns of Britain are useless for Australia, New Zea- 
land and uneven coarse grass. In India it is said 
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that British motor-cars are recognized by a 2.in 
width of adhesive placed around the edges of the 
windows to keep out the monsoon rains. Style and 
colour are selling features, and here the product 
must be a fashion leader and not a fashion follower. 

The design office and drawing-board are the cradle 
and kindergarten of production costs. If the design 
of the product and each individual component is not 
efficient from a functional or accepted standard 
point of view, no matter how perfect the manufac. 
turing may be, the cost of production will be high. 
A factory in France is manufacturing 17,000 coffee 
mills a day that are sold all over the world at between 
30s. and £2 each, and no competitor has been able 
to approach the value. A manufacturer of electric 
frying pans tooled up for 3,000 per week and has 
not been able to maintain 300 per week, because 
good as the value may be, the average housewife 
regards a frying pan as a 10s. 6d. article. An article 
which sells well at 1s. may not sell in a larger size 
at ls. 6d. even if better value is represented by the 
larger size. 

Research into the problem of designing for low- 
cost production is an important step towards en- 
hancing sales. The main object should be to direct 
research into: (1) the reduction of the number of 
component parts; (2) the reduction in the number 
of production operations; (3) minimizing metal 
removal operations and the standardization of detail. 

Efficient utilization of material demands a change 
of outlook on manufacturing costs. Often consider- 
able time, ingenuity and expense are involved in 
designing and making machines and tooling aimed at 
reducing the direct labour cost by 10 per cent. A 
10 per cent saving on direct material would show a 
much greater cost saving. Investigations into this 
aspect of cost reduction have indicated that often 
one must consider not only the value of the material 
in the product, but also the ratio of material utiliza- 
tion to the original material purchased. The design 
specification can assist production by: (1) reducing 
to a minimum the variety of finishes ; (2) standard- 
izing chemical or plated finishes that assist the 
economics of mechanizing the finishing processes; 
(3) commoning-up and standardizing on the under- 
coats for enamel finishes; (4) arranging that the 
variety of finish coats can be baked at a consistent 
time and temperature so as to aid the mechanization 
of dip, spray, electrostatic and baking operations to 
a conveyorized process. 

Considerable attention must also be given to ensure 
consistent quality standards from machining opera- 
tions. Often the production engineer neglects to 
define in the process operation sheet the inspection 
operations, stating in detail the dimensions and 
points which need to be checked. To ‘motion study 
a production operation and ignore the workplace 
and equipment supplied to inspection viewers 38 
paying lip service to the important job of main- 
taining consistent quality at controlled prices. 

Nothing is more disappointing to a customer than 
transit damage, whether it be frost-bitten fruit trees, 
scratched furniture, a chipped surface plate or 
out-of-line machine tool. Correct packing is essential 
and can be costly. Special containers and crates 
assist transportation may be necessary. Shipping 
space and conditions have to be considered ; un 
the water-line stowage may need extra protection. 

In the American and Canadian market, especially, 
the styling and presentation value of the package * 
very important as a sales feature. The product may 
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have a “good old English reputation”; but the pack 
must be cleverly styled so that the old tradition is 
presented in conformity with the currently accepted 
e. 

= method to be used in marketing a product in 
a specific country is a top-level decision. If the 
potential market is large enough it is invariably best 
io establish a subsidiary company. It is certainly 
more satisfactory to appoint an importing house to 
act as agent or a company to handle the sole dis- 
tribution rights than to accept orders from all and 
sundry. 

One of the most unusual management training 
centres in Europe was described by Clark E. Myers 
and F. A. Kirby. The school was set up at Lausanne 
in September 1957 by the Nestlé Alimentana Co., 
and is designed to provide a nine-months course 
in business administration for middle management 
executives from all over the world. The staff consists 
of American professors recognized in their fields for 
teaching, publication, consulting and research who 
wish to continue working in an environment which 
closely resembles an academic situation. 

During the first two years, executives have 
attended the course from companies in Australia, 
Belgium, Brazil, Canada, Chile, Cuba, Denmark, 
Egypt, England, France, Germany, Greece, Holland, 
Italy, Mexico, Puerto Rico, Malaya, South Africa, 
Spain, Sweden, Switzerland and the United States. 
Patterned after the middle-management programme 
of the Harvard Graduate School of Business Adminis- 
tration, the programme is designed primarily for men 
whose average age is about thirty-five and who fall 
within the age range of 30-40. 

Based on the Harvard experience, from which 
background nearly all the professors are drawn, the 
case method is used almost exclusively. The major 
exceptions are several weeks of the programme where 
the elements of accounting and statistics are taught. 
The policy is based on the belief that experienced 
men can achieve a greater sense of stimulation, 
motivation and involvement by dealing with actual 
business situations. 

One-third of the course is devoted to the quanti- 
tative data areas of control and finance (which 
includes such work as statistics, accounting, index 
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TURBIDITY 


T was thought for many years that the sediments 
on the floor of the deep ocean were laid down 


§ slowly, the rate of deposition being of the order of 


millimetres a century. Extensive coring has shown, 
however, that there are many layers of sand, some 
with shallow-water fauna, interbedded with the 
normal deep-water clays and oozes. Turbidity cur- 
rents, in which a relatively thin layer of sediment- 
laden water flows rapidly down-slope, have been 
‘iggested as a possible mechanism. These currents 
‘ould deposit such layers of sand in a matter of hours. 
When first introduced rather more than twenty- 
five years ago, the notion of turbidity currents was 
— sceptically ; since then large velocities have 
ae postulated, but it is difficult to imagine their 
ing produced by such contrasts in density on such 
gentle slopes. Nevertheless, the idea is now generally 
“cepted by marine geologists, or at least it would 
‘ppear so from the discussion of the subject held at 
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numbers, budgeting and data processing) ; one-third 
to distribution (including retailing, marketing, sales 
management and international trade); one-sixth to 
production, factory management, general manage- 
ment and business policy ; and one-sixth to human 
relations, personnel and labour problems. 

The professors teach on three consecutive days 
either at the beginning or end of the week. The 
remainder of their time is devoted to writing new 
teaching materials better suited to an international 
school. In their employment agreements with the 
Institut pour l’Etude des Methodes de Direction de 
l’Enterprise they have agreed to forgo all consulting 
activities and devote full time to teaching, writing 
and research for the Institute. 

The professors are assisted by research associates. 
These men have nearly all studied or worked in the 
United States, and among them have knowledge of 
nearly every European language. They travel with 
the professors and assist in research and the writing 
of new teaching notes and case problems. 

Through the development of these materials and 
cases, the professors gain additional insight into 
European business affairs, provide better class-room 
data for the participating executives, assist in pub- 
licizing the school and stimulate the interest of Euro- 
pean executives in business research and education. 

During the first year about two hundred ‘pieces 
of work’ were produced. These included new 
cases, translated cases, technical notes, and a 
major study of food distribution in seven European 
countries. 

With the increased emphasis on international 
business, with the coming impact of the Common 
Market and the free trade area, the directing staff of 
the Institut pour l’Etude des Methodes de Direction 
de l’Enterprise believes that such an institution with 
an international outlook is both desirable and 
necessary. 

Of the many other papers, two of the most out- 
standing were forecasting and controlling the return 
on capital involved’ by J. A. Scott, chief financial 
executive of Hayeshaw, Ltd., and the effect on 
quality of administration on technical and com- 
mercial efficiency by A. C. Durie, general manager 
(administration) of Shell-Mex and B.P., Ltd. 


CURRENTS 


the Royal Astronomical Society on November 28. 
Dr. G. E. R. Deacon acted as chairman. 

The evidence supporting the turbidity-current 
hypothesis was reviewed by Dr. A. S. Laughton. He 
pointed out that sediment-laden underflows are well 
known in lakes, being particularly well documented 
in the case of Lake Mead. It has been estimated 
that, of the two million tons of sediment deposited 
in Lake Mead during 1935-48, an appreciable fraction 
was deposited by turbidity currents extending along 
the whole length of the lake. The flows are slow, 
consistent with the slight contrast in density and the 
gentle slope, but retain their identity for more than 
a hundred miles. 

The classical case of a turbidity current in the 
ocean is that produced by the Grand Banks earth- 
quake of 1929 which, by breaking a succession of 
telegraph cables over a period of 14 hours, provided 
estimates of the velocities reached. These decreased 
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from almost 30 m./sec. to about 6 m./sec. as the slope 
decreased from about 1 in 100 to 1 in 1,000. It seems 
that this rapid and highly turbulent flow traversed 
some 1,000 km. and had a breadth of some 300 km. 
For some geologists these are unimaginably high 
velocities on this scale, but Heezen and Ewing, who 
suggested the turbidity-current explanation, have 
much to support their view. Not only were several 
of the cables later found to be buried so deeply as to 
be irrecoverable, but two cores which Heezen later ob- 
tained in the area both had thick sand layers of shallow 
water origin overlying the normal deep sea deposits. 

Turbidity currents in lakes and in the ocean were 
linked by the laboratory investigation of Keunen, 
who produced similar flows on a small scale by the 
sudden release of fluid mixtures of water, clay and 
sand. The important result was that a simple 
hydraulic formula was found to apply, implying that 
the effect of the overlying fluid could be neglected, 
as could the acceleration in the flow. Turbidity 
currents in lakes, ocean and laboratory were not 
inconsistent with the simplest formula used to 
describe river flow. Using this formula, Keunen 
estimated the depth of the Grand Banks turbidity 
current to vary between 270 m. and 120 m. during 
its passage. 

Dr. R. Stoneley, in discussing the suggestion that 
the breakages of submarine telegraph cables, fol- 
lowing the Grand Banks earthquake of November 18, 
1929, occurred through the passage of a turbidity 
current, remarked that the hypothesis has the merit 
of being more free from ad hoc assumptions than 
some of the other explanations proposed. The idea 
deserves further examination from the hydro- 
dynamical point of view. In particular, two aspects 
have to be considered, namely: (a) whether the 
turbidity current would spread longitudinally too 
greatly to be effective ; (b) whether the motion of 
the current would persist over distances of the order of 
1,000 km. without being damped out by viscous forces. 

Under (a), the longitudinal spread of the mass of 
water charged with sediment has much in common 
with the problems of the surge following the breaking 
of a dam and of the subsidence of a column of water, 
considered respectively by R. F. Dressler, and by 
W. G. Penney and C. K. Thornhill. A rough calcula- 
tion based on the work of these authors suggested 
that the depth of the current as envisaged by Kuenen 
would be much too great; the hypothesis would be 
more workable if the current had a thickness of only 
a few metres. Question (b) depends on the viscous 
drag of a stream at high Reynolds numbers; the 
theoretical and experimental work of G. H. Keulegan 
on arrested saline wedges suggests a much lower 
drag coefficient than is appropriate for lower speeds. 
Keulegan’s experiments show that the logarithm of 
the drag coefficient depends linearly on the logarithm 
of the Reynolds number, and an extrapolation of 
this result indicates a thinner turbidity current, with 
a vertical thickness of about 5 metres. Such a thickness 
would help to meet the difficulty mentioned under (a). 

Further investigations of these hydrodynamical 
problems are very desirable, and examination is needed 
of the effectiveness of such a current in transport- 
ing and sorting sediments to the degree required. 

Two points relating to Dr. Stoneley’s contribution 
were made in the subsequent discussion. It was 
pointed out that in laboratory experiments the down- 
slope turbulent flow of a fluid under a less dense fluid 
leads to the formation of a somewhat bulbous ‘nose’ 
which travels only a little slower than the body of 
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the fluid. The speed of the ‘nose’ is considerably legs 
than the long-wave velocity in a perfect fluid. An 
adequate theory is not yet available. It was also 
remarked that the diminution of the drag of the 
sea-bed with increasing Reynolds number may be 
unjustified if the bottom is hydrodynamically rough, 
Observations show no decrease of drag coefficient 
with increasing velocity in the high Reynolds numbers 
(greater than 10’) of tidal streams. 

Dr. T. H. Ellison based his contribution on the 
work he is doing in collaboration with Dr. J. §, 
Turner. Their investigation concerns the ventilation 
of coal mines, but is applicable to the many situations 
in Nature in which a thin layer of turbulent fluid 
flows between a boundary and a relatively quiescent 
underlying or overlying fluid of different density. 
These include katabatic winds in the atmosphere and 
what appear to be katabatic bottom-currents in the 
ocean, as well as the many complicated phenomena 
observed in estuaries. Turbidity currents are a 
special case in which the turbulent fluid is made 
heavier by suspended solids. Some dust storms in 
the atmosphere are probably similar phenomena. 

In the case of turbidity currents it seems that a 
relatively simple hydraulic theory would describe the 
observations if the friction and mixing with the 
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overlying fluid could be neglected. It is therefore 
necessary to make some estimate of the amount of 
the non-turbulent fluid which would be entrained F 
into the gradually thickening layer of turbulent fluid i 
flowing beneath it. The rate of flow into the lower tl 
‘layer can be expressed as EV, where V is a typical ca 
velocity of the lower layer. EF is the so-called ‘entrain- 
ment constant’, and if the two layers had the same to 
density, E =~ 0-08. In this case the interaction of ar 
the two fluids could by no means be neglected. Bi 
However, E decreases as the hydrostatic stability an 
increases and it is reasonable to assume that £ is a de 
function only of the Richardson number, Ri, which In 
is a dimensionless measure of the stability given in po 
this case by Ri =(p — po) gh/pV?, where g is the £63 
acceleration of gravity, p, pP» are the densities of the thi 
lower and upper fluids, and h is the depth of the ree; 
lower fluid. Two sets of experiments have been sea, 
made to determine £ in relation to Ri. The results coll 
are scattered but agree that for Ri > 0-8, which is Iti 
the case in turbidity currents, then E becomes very by 
small. The interaction between the two fluids is sati 
much reduced by the strong hydrostatic stability, don 
and it is for this reason that a turbidity current can and 
retain its identity for a long period and that the flow the | 
can be described by a simple formula applicable to sity, 
river flow. Ellison’s results are therefore broadly Engl 
similar to those based on Keunen’s work and support Cour 
his conclusion : turbidity currents are compatible with ment 
our present knowledge of turbulence in stratified fluids. inere 
The discussion which followed showed almost com- visua 
plete acceptance of this point of view ; those against Th 
the turbidity-current hypothesis were either absent an a 
or silent. This is not to say that no problems remain. Gover 
We know little of the ways in which turbidity currents W. J. 
are started or of the factors which determine whether eduea 
water laden with sediment will behave as a heavy Britis 
fluid or as a sloppy sort of solid. How often © #% Tho, 
turbidity currents happen ? Were they stronger and Burm 
more frequent during Ice Ages, and could they then Canad 
have cut submarine canyons ? tadiol 
They presumably happen so infrequently that they BE Pakist 
make no contribution to the economy of the botto” B® insyee, 





water. For the same reason there is little hope ° 
direct observation, although bathyscaphists repo" 
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that they have started mudslides when landing on 
steep slopes. Attempts to start them by using 
explosives in canyons have had little success. 
Altogether, considering its potential importance in 
the formation of abyssal plains and the structure of 
some sedimentary rocks, the turbidity-currents hypo- 
thesis seems to have had little influence on marine 
geologists. It is surprising, for example, that fol- 
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lowing the classical Grand Banks turbidity current 
only two cores have been collected from the area— 
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and they apparently during borrowed time from a 
cruise with other objectives. Both these cores, taken 
some 20 km. apart, have sand layers at the surface. 
Below this, each has further layers of sand, but there 
is so little correlation between them that one can 
only speculate as to the horizontal structure. Taking 
closely spaced cores is technically difficult, time- 
consuming and expensive, but in some areas the 
expense would surely be justified. 
H. CHarnock 


THE BRITISH COUNCIL 
REPORT FOR 1957-58 


HE annual report of the British Council for 
1957-58* includes a general survey of the year 
and is preceded by an article on the printed word by 
Sir Charles Snow, which stresses the importance of the 
work the Council is doing in this field on an expendi- 
ture of only £17,000, but urges the need for expansion. 
The report is accompanied by @ separate account of 
the Council’s work for visitors and students from 
overseas. More than half the report is occupied by 
appendixes listing the officers, executive committee, 
advisory committees and panels, with their member- 
ship, and giving particulars of university interchanges, 
courses and study tours, etc., arranged by the Council in 
the United Kingdom or overseas, exhibitions and publi- 
cations, and an analysis of the estimates and accounts. 
The increase in the Government grant for 1957-58 
to £3,378,271 out of gross expenditure of £3,867,899 
enabled the Council to start improving the supply of 
English teachers and teaching material for overseas 
and other work in accordance with Government 
decisions contained in the White Paper on Overseas 
Information Services. Further activities will be 
possible in 1958-59 with the increase of nearly 
£650,000 on the original estimates for 1957-58. For 
this year the Council is recruiting, or helping to 
recruit, on improved terms, for about seventy over- 
seas teaching posts in English in schools, training 
colleges and universities, chiefly in Asian countries. 
It is also co-operating closely with a unit established 
by the Ministry of Education to assist in placing 
satisfactorily the returning teacher. Much is being 
done abroad to help overseas teachers of English, 
and the Council has also been closely associated with 
the new School of Applied Linguistics in the Univer- 
sity of Edinburgh, to which one of its most experienced 
English-teaching specialists is being seconded. The 
Council is contributing £5,000 towards the establish- 
nent of an Overseas Visual Aids Centre to further 
increased and more efficient use of visual and audio- 
visual aids in formal and informal education overseas. 
The specialist tours arranged by the Council include 
w advisory unit at the request of the Burmese 
Government of Prof. H. F. Humphreys and Mr. 
W. J. Deacon to examine and report on the state of 
education in Burma, a visit to Turkey of thirteen 
British surgeons, headed by Sir Clement Price 
Thomas, and tours of Prof. C. Wells to Pakistan, 
Burma, Thailand, the Philippines, Australia and 
Canada, to advise on surgical techniques and 
radiological services, and of Sir Alister Hardy to 
Pakistan, Thailand, Hong Kong and Japan to 
nspect Oceanographic institutions. More than 1,800 
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visits of scientific specialists to and from Britain 
were assisted by the Council in one way or another 
in 1957-58, representing 35 per cent of the total for 
all subjects and professions. In numbers this repre- 
sents 42-6 per cent out of 4,902 visitors to the 
United Kingdom under the auspices of the Council, 
compared with 18-5 per cent in social studies, 14-8 
per cent in education and 10-1 per cent in medicine ; 
for 1951, the corresponding figures were 23-5, 15, 
14-5 and 10 per cent, respectively. There has been 
a striking growth in recent years of the Council’s 
responsibilities as agents for the United Nations 
Specialized Agencies, the Colombo Plan, the Baghdad 
Pact and other international agencies offering training 
in the United Kingdom, and in 1957-58 1,012 such 
visitors were cared for in the United Kingdom by 
the Council, compared with 191 in 1950-51. About 
£380,000 a year is administered by the Council for 
international and overseas organizations. 

The fifteen short specialist courses arranged annually 
included one on the economic problems of developing 
countries, for senior officials and administrators, and 
in 1957 study tours were arranged for 67 groups, 
many from British Colonial territories, while in the 
autumn of 1957, 300 Soviet students and young 
people were invited to visit the United Kingdom for 
periods of three weeks. This programme has made 
considerable progress on an exchange basis with the 
co-operation of leading student and youth organiza- 
tions in the United Kingdom, while the Council has 
also placed a number of postgraduate Soviet scholars 
in British universities and promoted exchange visits 
of teachers of English and Russian to summer schools 
in the United Kingdom and the U.S.S.R. 

The number of overseas students in the United 
Kingdom rose in 1957 to 35,000 and is now about 
38,000, less than a third of whom are at universities. 
In 1957, 7,782 students were met on arrival, 4,644 
were assisted to find permanent accommodation, 386 
becoming permanent residents in the Council’s own 
residences, which also provided transit accommoda- 
tion for 1,692 students. New premises were acquired 
during 1957-58 in Hull, Leeds, Liverpool and Not- 
tingham. Some 13,259 overseas students attended 
British Council vacation and week-end courses and 
study visits, and private hospitality was arranged 
for 5,481 students. Travel grants to university 
teachers on study leave and to postgraduate workers 
totalled thirty-six (twelve from Australia) for visits 
to the United Kingdom and four for visits from the 
United Kingdom, and under the younger research 
workers interchange scheme twelve visited the 
United Kingdom and twenty-five from the United 
Kingdom visited six European countries. 








N iron meteorite, designated the Washington 
County or Arickaree meteorite, was discovered 
in a Colorado wheat field in 1927. Eugene King, the 
finder, seemed to observe evidence of heat in the soil 
in which it was embedded, and as in addition almost 
no evidence of rusting is observed, it would appear 
that the meteorite fell recently. A proposed date of 
fall is 19161. It contains 9-3 per cent nickel! and 
does not show a Widmanstiitten pattern ; it is thus 
classified as a nickel-rich ataxite. In this experiment, 
pieces of the meteorite, supplied to us by the Harvard 
Museum through the courtesy of Dr. E. L. Fireman, 
of the Smithsonian Astrophysical Laboratory of the 
Harvard Observatory, were examined by mass spect- 
roscopy to determine if noble gases, originating from 
spallation effects induced by cosmic rays, were present. 

There has been discussion as to whether the 
Washington County meteorite is indeed a meteorite, 
or whether it might be an example of terrestrial iron. 
The overall appearance of the slab as found was 
similar to what might be expected of machined iron, 
as if it might have been discarded from a cast. In 
addition, voids were observed distributed throughout 
the mass, in contrast to other known meteorites. 
The presence of helium-3 was discovered in’ the 
present experiment, thus establishing definitely that 
the metal was exposed to extra-terrestrial cosmic 
radiation, and is, in fact, a meteorite. 

Samples weighing 0-1-0-2 gm. were melted in a 
graphite crucible at a temperature of approximately 
2,000° C. by means of an induction heater. The 
entire gas line leading from the sample to the 
mass spectrometer, including the samples of 
standard gas, were maintained in vacuum at pressures 
not above 10-* mm. of mercury. The line was con- 
structed of ‘Pyrex’ glass, formula 1720, which effect- 
ively inhibits the diffusion of helium through the walls. 

After melting, the escaped gases were purified by 

ssing them over copper oxide and calcium heated 
to 600° C. They were then introduced into the mass 
spectrometer and the helium-3, helium-4, argon-36 
and argon-38 were quantitatively determined. The 
argon was then adsorbed on charcoal at liquid- 
nitrogen temperatures, and the neon isotopes 20, 21 
and 22 were measured. Standard amounts of the 
above gases were added to the sample in the mass 
spectrometer and the equipment was thus calibrated. 
Blank determinations were run at the specified 
crucible temperature before each sample. A blank 
was run after each sample at a crucible temperature 
approximately 50° higher. This blank was found to 
contain approximately 3-5 per cent of the noble 
gases, indicating that each sample was well out- 
gassed. This amount was then added to the results 
originally obtained. 

It is expected that the results obtained for all 
isotopes except neon-20 are good to within 10 per 
cent. The value for neon-20 could not be determined 
so accurately because of background due to doubly 
charged argon-40, and it is felt that the true value 
may vary from that given by up to a factor of 2. 
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No number is reported for the abundance of argon-40 
in the meteorite because of this large background of 
atmospheric argon. The correction that was applied 
to the argon-36, however, was only 10-20 per cent of 
the peak value, and that applied to argon-38 was 
less than 5 per cent. The accuracy of the mass 
spectrometer was tested by bombarding a gold target 
with «-particles in the Brookhaven cyclotron, the 
incident intensity being measured with a Faraday 
cup*. The target was melted in the mass spectro- 
meter and the helium-4 was measured. The results 
agreed with those measured by the Faraday cup to 
within 5 per cent. The measured results are shown 


in Table 1. 
Table 1 
P Abundance in units of 10-* c.c./gm. 
Sample No. He-3 He-4 Ne-20 Ne-21 Ne-22 Ar-36 Ar-38 
193 2,700 8 2-14 26 56 78 
Il 193 3,100 5 198 22 5:1 72 
Average 193 2,900 7 2°06 2-4 5:4 75 


A comparison with other meteorite data can most 
profitably be made on the basis of rare-gas ratios 
reported for iron meteorites with high (of the order 
of 10-* ¢.c./gm.) helium-3 contents. For example, 
for the ratio helium-3/neon-21, values are reported 
ranging from 72 to 130. Our value is 94, in the range 
of these previous numbers. For the ratio helium-3/ 
argon-38, values are reported.‘ in the interval 15-40. 
Our value is 26. 

The ratio helium-4/helium-3, however, is approx- 
imately five times that previously found for com- 
parable meteorites. 

The early experimenters on noble gases in meteor- 
ites attributed the helium-4 content to uranium and 
thorium disintegrations’, and, on the basis of 
measured helium-4 and uranium-thorium contents, 
they determined ages for the meteorites. No general 
consistency was found in the ages determined for 
various meteorites by this method. Since these early 
experiments, two objections to the technique have 
been raised. From measured amounts of other noble 
gases in meteorites®, it is now thought that prac- 
tically all the helium-4 is, in fact, due to spallation 
effects from nuclear reactions induced in the meteorite 
by high-energy cosmic rays’. The other objection, 
raised by Urey*, is that the dates may be in error due 
to the diffusion of radiogenic helium along crystal 
structure boundaries, an argument being advance 
that the majority of the uranium will segregate itself 
along these boundaries. Reed and Turkevich* have 
measured the uranium content of two iron meteorites 
by neutron activation and have set an upper limit of 

10-° gm./gm.—an amount insufficient to account 
for the helium-4 actually found in meteorites. 

In the present experiment the high value for the 
ratio helium-4/helium-3 may indicate that a com 
siderable portion of the helium-4 is in this ca 
radiogenic. It would thus be possible to estimate 


the cosmogenic helium-4 content by the measure 
helium-3 content and the known value of this rati 
in other iron meteorites. 


We have assumed 4 
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helium-3/helium-4 ratio of 0-25, natural abundance 
of uranium-235 and uranium-238 in the meteorite, a 
thorium-232/uranium-238 ratio of 4, and an age of 
10 x 10° years!®*, and have thus estimated the 
wanium-238 content of this meteorite to be 3 x 
10° gm./gm. An age of 5 x 10° years changes this 
estimate to 1 x 10-§ gm./gm. These values are well 
within the sensitivity of the neutron activation 
method of analysis"! and show a significant variation 
at the two estimated ages. Accordingly, an attempt 
will be made in this laboratory to measure the 
uranium content by this method and possibly obtain 
a helium—uranium date for the meteorite. The grain 
boundaries along which the helium might leak out 
are absent to a large extent in the ataxite structure, 
and this objection should be greatly reduced. 

The argon-36/argon-38 ratio has been measured in 
other iron meteorites*.* and usually found to be 1-6. 
The value found here for the Washington County 
meteorite is 1-4. This may be due to the high nickel 
content, spallation reactions from the predominant 
nickel-58 isotope perhaps favouring the formation of 
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argon-36 ; on the other hand, the difference between 
these values may not be significant. 

We wish to express our appreciation for the tech- 
nical assistance of Mr. J. Densieki and for several 
valuable discussions with Dr. E. L. Fireman. 

This research was carried out under the auspices 
of the U.S. Atomic Energy Commission, 
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ABSORPTION SPECTRUM AND DECAY KINETICS OF THE 
METASTABLE STATE OF CHLOROPHYLL b 


By Pror. STIG CLAESSON, LARS LINDQVIST and BERTIL HOLMSTROM 


Institute of Physical Chemistry, University of Uppsala 


A* part of an extensive investigation of the 
{\ photochemistry of chlorophyll we have studied 
the »bsorption spectrum and decay scheme of the 
metastable state of chlorophyll 6 in benzene solutions 
free from oxygen. As some related work in this field 
has recently been reported!.*, a short presentation 
of some of our results may be of interest. 

Using the flash photolysis and flash spectroscopy 
technique*, the absorption spectrum of the metastable 
state was determined from 290 up to 840 my from 
measurements during the exciting flash. The red or 
blue part of the emission spectrum from the flash 
lamp was isolated for excitation. With the high- 
energy flash (that is, 400 uF. at 5 kV., and a 60 usec. 
duration) at our disposal‘, it was possible to acnieve 
complete conversion to the metastable state. The 
total absence of chlorophyll 6 in the ground-state 
increased the accuracy of the absorption spectrum 
measurements, especially in the region of the 
absorption peaks of the ground-state. 

The optical arrangement was such that no detect- 
able stray light from the exciting flash entered the 
recording system. Each photographic plate was 
individually calibrated by a set of seven grey filters. 

The concentration of chlorophyll b in the benzene 
solutions was 0-35 x 10-* M, and the length of the 
optical path was 60cm. At such a length the absorp- 
ton of oxygen-containing benzene is appreciable up to 
350 mu, therefore the solvent for the blank spectra 
had to be carefully degassed. 

Fig. 1 indicates the absorption spectrum of the meta- 
stable state, as obtained from three independent sets 
of xperiments. The ultra-violet region was obtained 
— 4 series of 3 plates, 7 spectra ; the visible region 
Pig 8 plates, 14 spectra; and the infra-red region 
; om 5 plates, 7 spectra. As is seen, the absorption 
"urves from these three wave-length regions tie 


together in a very satisfactory manner without any 
corrections. The points obtained from the flash 
experiments, corresponding to the ground-state of 
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Fig. 1. The absorption spectra of chlorophyll 6 in benzene in its 

ground-state (©) and in its metastable state (@). The points 

were obtained photographically from flash experiments, while the 

solid curve for the ground-state was determined spectrophoto- 

metrically. The types of plates used for the different wave-length 
regions are indicated 












chlorophyll b, fit very closely to the absorption curve 
as determined by standard spectrophotometry. 
These points were corrected for an excitation of 5 
per cent caused by the spectrograph flash lamp, 
this having been established in separate experiments. 

The spectrum in Fig. 1 was obtained using only red 
light for the excitation of the chlorophyll b, yet some 
spectra were also recorded using blue light. The absorp- 
tion spectra obtained in each case were identical. 
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Fig. 4. The decay of the metastable state, as measured at three 
different wave-lengths, where the total concentration of chloro- 
phyll 6 was 0-2 x 10-* M 
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The kinetic measurements were carried out over 
the concentration range of 10-7 to 10-5 M, with optical 
path-lengths of 60 and 20 cm. The transient decay 
was studied both photographically and photo. 
electrically, principally the latter. 

For all wave-lengths studied (that is, 410-645 mu) 
the decay was in agreement with a scheme proposed 
by Livingston’. It may be represented as follows, 
where 7 indicates the metastable state and § the 
ground-state of chlorophyll b : 


T—S (1) 
T+S—>S+S8S (2) 
T+T—-S:S8S (3) 


Then, if the total concentration of chlorophyll 6, 
(7) + (S), is denoted by c, 


a(T’) . "2 

— ~gp = ka(Z) + kx(T)(S) + ky(T)? (4) 
din(T’ 

= site Pak the t(ks—kyT) 3 


For the determination of the three constants in 
equation (5), we have relied chiefly on values obtained 
at 500 my. Extrapolations to (7) = 0 and c =0 
are needed, these being carried out in either order. 
Figs. 2 and 3 illustrate one of these possibilities. For 
each total concentration the decay-rate is determined 
at some selected values of the concentration (T) of 
the metastable state. For each (7'), an extrapolation 
toc = 0is performed (Fig. 2) to give (d log(7’)/dt), — 9, 
the slope defining the constant k,. The ordinates for 
c = 0 are plotted in Fig. 3 against (7'), the intercept 
giving k, and the slope giving k,; — k,. Each point 
in Fig. 2 is based on two or three different experiments 
consisting of 10-30 oscillograms. The results for the 
three constants are : 

k, = 0-4, x 10* sec.’ 
k. = 0-03, x 10° sec.-1 M-! 
k, = 2-3, x 10° sec.-? M- 

In connexion with the determination of the absorp- 
tion spectrum of the metastable state shown in Fig. |, 
kinetic experiments were also performed photo- 
graphically, these revealing four isosbestic wave- 
lengths. During the photoelectrical measurements 
of the kinetics, two of these wave-lengths, 418 and 
474 my, were further confirmed. No change in extine- 
tion at these two wave-lengths was observed. From 
this it is concluded that only one metastable state is 
present under these experimental conditions. A 
further proof is the good agreement among the decay 
rates for different wave-lengths. This is illustrated 
in Fig. 4, where the same kinetics is obtained at the 
three wave-lengths shown. 

The chlorophyll 6 was prepared by Zscheile and 
Comar’s method*. A small amount of water was 
purposely left in the stock solution, thus avoiding 
difficulties in interpretation due to superdryness of 
the final solutions. The solutions were degassed by 
five cycles of freezing, evacuating and melting. 

A detailed account of this work will appear in the 
near future. 

The investigation was supported by a grant from 
the Rockefeller Foundation. 

1 Fujimori, E., and Livingston, R., Nature, 180, 1036 (1957). z 
? Linschitz, H., and Sarkanen, K.,WJ. Amer. Chem. Soc., 80, 4826 (1958) 
* Norrish, R. G. W., and Porter, G., Nature, 164, 658 (1949). 
‘ Claesson, S., and Lindqvist, L., Arkiv Kemi, 11, 535 (1957). 


5 Livingston, R., J. Amer. Chem. Soc., 77, 2179 (1955). 
* Zscheile, F. P., and Comar, C. L., Bot. Gaz., 102, 463 (1941). 
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IN VITRO ANALYSIS OF A MAMMALIAN TUMOUR VIRUS 
By Dr. LEO SACHS, Dr. MARIAN FOGEL and ERNEST WINOCOUR 


Department of Experimental Biology, Weizmann Institute of Science, 
Rehovoth, Israel 


HE classical studies of Ellerman and Bang! and 

Rous? first demonstrated that viruses could be 
involved in the origin of neoplastic growth. Several 
tumour viruses have now been isolated from birds 
and frogs, and in mammals viruses are known to be 
associated with papilloma in rabbits and some other 
species, fibroma in rabbits, and mammary tumours in 
mice*. In 1951, Gross* reported his original observa- 
tions on the viral origin of a spontaneous lymphatic 
leukemia in mice. This observation has been fully 
confirmed’, and since then viruses have been found 
to be associated with some other types of leukemia‘, 
parotid tumours and sarcomas’ and various other 
neoplasms in mice and hamsters’. All these observa- 
tions in mammals, with the exception of those of 
Stewart et al.’, have been made after inoculation of 
filtrates from a tumour directly into a susceptible 
host. It seems clear that even for the actual isolation 
of viruses such a procedure has limitations; and 
such studies, by themselves, can, of course, give little 
direct information on cell virus relationships. It 
would appear that an answer to the basic questions 
relating to tumour viruses in mammals can only be 
given by combining an in vivo with an in vitro 
analysis. 

It has been shown by Stewart e¢ al.* that a virus 
originating from a spontaneous lymphatic mouse 
leukemia can be maintained in tissue culture, and 
that when harvested from such cultures it can produce 
a variety of tumours. We are indebted to Drs. 
Stewart and Eddy for sending us some of their line 
3919 of this virus, which they have termed polyoma 
virus, and the present report deals with some in vitro 
studies with this material. 

The polyoma virus was routinely grown in Petri 
dishes on monolayers of Swiss mouse embryos, 
incubated in a humidified atmosphere containing 10 
per cent carbon dioxide’, using a medium of 0-5 per 
cent lactalbumin hydrolysate in Earle’s saline and 
“0 per cent horse serum. Our first passage in culture 
of the material received from Stewart and Eddy gave 
& clear cytopathogenic effect, as a result of which 
cells become detached from the glass, often in grape- 
like clusters, and degenerate ; and a cytopathogenic 
effect with this virus has also recently been reported 
by these authors!®, In addition to embryo, cells of 
adult mouse kidney and bone marrow were tested and 
4 cytopathogenic effect was produced in both these 
"ssues. The demonstration of an observable effect 
on cells in culture has made it possible to develop a 
= assay for this virus similar to that originally 
teveloped for viruses such as poliomyelitis*. The 
tytopathogenic effect could be localized into foci under 
bn : ey Coonan will be described in detail else- 
dateatinns pe appeared as small discrete foci _of 
oa a rar Isolations from plaques should give 
aa. Oo! virus and these are being tested for the 

; umours that they produce. 


Table 1, SPECTRUM OF RED mae CELLS AGGLUTINATED BY POLYOMA 
IRUS 





Hemagglutination Hemagglutination 
titre 1: titre 1: 
Virus- Virus- 
Red blood infected Normal Red blood infected Normal 
cells t.c. fluid t.c. fluid cells t.c. fluid t.c. fluid 


Guinea pig 2,048 8 Sheep 512 
Rat 256 Goat _— 
Mouse (Swiss) 1,024 Dog 1,024 
Hamster 8 Cat 16 
Frog (Hyla Chick 

(1 day old) 1,024 
Hen (adult) 2,048 
Turkey 2,048 
Pigeon 32 
Goose 16 
Duck (Anas 

coxhas) 16 

(Anas moscant) 512 














We have also found, as recently reported by Eddy 
et al.1°, that the polyoma virus can hemagglutinate 
at refrigerator, but not at higher, temperatures. The 
spectrum of its agglutinability for red blood cells 
from different species is shown in Table 1. Guinea 
pig cells have been routinely used with titres up to 
1: 4,096. 0-15 ¢.c. of a 1 per cent suspension of red 
blood cells in saline was added to 0:5 ¢.c. of each 
dilution of virus, and the tests read after 3 hr. or 
overnight. The end-point used was that of a full 
agglutination of the red blood cells. The hemag- 
glutinating particles are stable after heating at 
56° C. for 30 min., but destroyed after 30 min. at 
66° C. When taken from the refrigerator and placed 
at room temperature, the agglutination is destroyed 
and the red blood cells settle normally. The virus 
is eluted readily at 37° C., and the cells after elution 
can again adsorb virus. Hemagglutination inhibition 
was produced by antibodies against the virus, and 
titres up to 1: 81,920 have been obtained. 

With the establishment of the plaque and hzem- 
agglutination assays, it became possible to make 
quantitative in vitro determinations on the growth of 
the virus in tissue culture. 

Two separate experiments, using two different 
inocula, were carried out on the growth of the 
polyoma virus on mouse embryo monolayers (Table 
2). In Exp. | there was no change of medium through- 
out the experiment so that the cumulative amount 
of virus could be determined. A series of monolayers 
were inoculated with virus (3 hr. absorption followed 
by washing), and at the time intervals shown in 
Table 2 the amount of virus in the medium (free 
virus) and in the medium plus cells (total virus) was 
determined by hemagglutination. Total virus was 
determined after subjecting the entire cultures 
(medium plus cells) to five cycles of freeze thawing at 
— 20° C. In Exp. 2 a series of monolayers were 
inoculated as previously and the amount of virus 
released into the medium was determined during the 
first 24-hr. and two subsequent 48-hr. periods. After 
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Table 2. GROWTH OF POLYOMA VIRUS ON MOUSE EMBRYO MONOLAYERS 





Days | 
post-inoculation 
ee as Be 





‘Total virus’ by 
hee lutination assay* 

‘Free virus’ 
hemagglutination assay 


‘Free virus’ (Series 1) by 
hemagglutination assay ae = 
1 


16 512 


16 1,024 
‘Free virus’ (Series 2) by 
hemagglutination assay : 7 





‘Free virus’ (Series 2) by 
plaque assayt A 11 





234 114 





t 

* Hemagglutination titres expressed as reciprocal of complete 
hemagglutination end-point per 0-6 ml. Hemagglutination titre of 
control plates was 8. 

+ Plaque assay expressed as mean number of plaques (4 plates) per 
0-2 ml. at 1:10 dilution. 

Exp. 1, strong cytopathogenic effect after 7 days. 





Exp. 2, strong 


—" effect and complete destruction of monolayer after 
ays. 


each collection date all the cultures were washed and 
fresh medium added. This experiment was carried 
out in two series. In series 1 the samples tested at 
day 1, 3 and 5 were taken from the same plate in 
each of the four replicates (A—D). In series 2, the 
samples tested at day 1, 3 and 5 in the two replicates 
(A and B) were taken from different plates. The 
virus in series 1 was assayed by hemagglutination 
and in series 2 by hemagglutination and plaques. In 
all experiments the virus assayed by hemagglutina- 
tion was from supernatants after centrifugation 
at 3,000 r.p.m. in a clinical centrifuge for 10 min. 

The results of both experiments clearly show that 
there has been multiplication of the virus on mouse 
embryo cultures, and that virus is released over a 
long period of time. Little or no virus could be 
detected during the first 24 hr., and the highest level 
of virus production and release in Exp. 2 was during 
the period between the first and third day. The 
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drop in virus during the next 48-hr. period in this 
experiment may have been due to the early appear. 
ance of a strong cytopathogenic effect. It can also 
be seen from Exp. 2 that the results obtained from 
plaques follow that obtained by hemagglutination, 
The results of Exp. 1 show that the free virus was 
less than the total virus throughout the experiment, 
indicating that a significant amount of virus produced 
remains associated with cells and is not released imme- 
diately into the medium. A similar situation has been 
noted in viruses such as vaccinia and sheep pox", 
The behaviour of the polyoma seems to differ in some 
respects from that reported for the Rous chicken 
virus??, 

These results with the polyoma demonstrate that 
with the use of the plaque assay developed it is now 
possible to produce pure lines of mammalian tumour 
virus, and that furthermore it is now possible to use 
in vitro techniques both for the characterization of 
mammalian tumour viruses and for the analysis of 
cell virus relationships. 
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AGGREGATION OF COD MYOSIN DURING FROZEN STORAGE 
By J. J. CONNELL 


Food Investigation Organization, Department of Scientific and Industrial Research, 
Torry Research Station, Aberdeen 


ONODISPERSE cod myosin has a pronounced 

tendency to aggregate when neutral solutions 
of it are left undisturbed at 0° C.1.*°. The aggregation 
is characterized by the appearance in the ultracentri- 
fuge picture of the solution of at least one, and 
sometimes two, discrete components which sediment 
faster than myosin and which, on the basis of their 
sedimentation coefficients, can be identified as a 
side-to-side dimer and trimer, respectively. It has 
now been found that this aggregation proceeds in the 
frozen state. 

Solutions of monodisperse cod myosin (0:4-0-6 per 
cent) in 0-45 potassium chloride with 0-05u phosphate 
ouffer, pH 7-5, contained in § in. x 2 in. thin-walled 
plastic tubes, were frozen by immersion in a bath of 
chloroform-solid carbon dioxide at about —78° and 
then stored for 3 or 4 days at —7, —14, —22, —29 
and —78°. They were then thawed by placing the 


tubes in ice water so that the final temperatures 
never rose above 0°. Figs. 1 (d-h) show the ultra- 
centrifuge pictures obtained immediately after the 
solutions were thawed. Fig. 1 also shows pictures of 
the original solution and the original solution after 
standing 3 days unfrozen at 0°. It is evident that 
(omitting Fig. 1b) least aggregation has occurred in 
the unfrozen solution kept at 0° and in the solution 
kept at —29° for 4 days, the amount of monomeri¢ 
myosin in these solutions being still so great that the 
top of the schlieren peak is not registered and the 
typical bar effect parallel to the meniscus is produced. 
Most aggregation has occurred in the solution kept # 
—14° and —22°, most of the myosin having fo 

heavy polydisperse material which has sedimented to 
the bottom of the cell before the photographs were 
taken, leaving small residual amounts of monomeri¢ 
and oligomeric myosin in the supernatant solution. 
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Fig. 1. Sedimentation pictures of cod myosin solutions. a, original solution ; b, a frozen 
to — 78° and thawed at 0° five times in succession ; ¢, a left unfrozen at 0° for 3 days ; 
d,e and f, a frozen to — 78°, stored for 3 days at — 7, — 14 and — 20°, respectively, 
then thawed at 0°; g and A, a frozen to — 78°, stored for 4 days at —29 and —78°, 
then thawed at 0°. Sedimentation at 59,780 r.p.m. occurs from right to left. m is the 
meniscus; D, M and L denote, respectively, dimeric and monomeric myosin and a light 
component. Exposures taken: a, 96; b, 75; c,d,e,g and h, 69; and f, 53 min. after 
reaching fullspeed. Temperature of rotor: a, 2:20; b, 4°70; c,1°95; d, 4:40; e,5°30; 


f,7°15; g, 2°25; and h, 365° C. 


At —7° and —78° aggregation has proceeded to 
some intermediate stage. 

This result has been confirmed with two other 
different preparations of cod myosin. Solutions kept 
frozen for about 7 days and then thawed, particularly 
those at —14° and — 22°, often contain blobs of weak 
transparent gel and fine precipitates. The operation 
of freezing and thawing even when carried out five 
times in succession on the same solution produces 
only traces of material which sediments faster than 
myosin (Fig. 1b). 

Two experiments with myosin frozen in solutions 
containing 0-45u. sodium chloride and 0-45y potas- 
sium sulphate (both with 0-05 phosphate buffer, 
pH 7-5) showed that the pattern of aggregation is 
different from that in solutions containing potassium 
chloride. In solutions containing 0-454. sodium 
chloride aggregation is much the same at —7, —14 
and —22° but less at —29 and —78° than at the 
higher temperatures ; in solutions containing 0-45u 
potassium sulphate aggregation is pronounced at 
-7° and becomes progressively less at the lower 
temperatures. These observations suggest that both 
the eutectic temperature of the solution (about 
—1:5, —11 and —21° for potassium sulphate, potas- 
sium chloride and sodium chloride, respectively) and 
the temperature of storage are important factors in 
determining the rate of aggregation. Snow* has 
suggested that the rate of insolubilization of haddock 
actomyosin during frozen storage of its solutions is 
greatest at temperatures below the eutectic point. 

Fig. 1 also shows that a component (L), which 
sediments more slowly than myosin, is formed during 
frozen storage and possibly also during equivalent 
Periods of storage in the unfrozen state at 0°. The 
largest amount of this presumed dissociation sub-unit 
of myosin appears to be produced at —78°. 

The mechanism of these complex changes is 
wknown ; but they occur without any appreciable 
intramolecular change because the specific rotation 
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(d) and numbers of sulphydryl groups 
titratable with N-ethylmaleimide 
do not change during the first 
7 days storage at —7°, for ex- 
ample. It has been noted also 
that the aggregation of cod myosin 
in the unfrozen state at 0° appar- 
ently does not proceed by a 
conversion of sulphydryl groups 
into disulphide bridges because 
(1) the aggregation is not inhibited 
by the addition of 0:01 M 
monothiglycol, and (2) myosin 
the reactive sulphydry] groups 
of which have been blocked 
by N-ethylmaleimide aggregates 
just as rapidly as untreated 
myosin. 

Further aspects of these changes 
are being investigated, particu- 
larly in relation to the tough- 
ness and loss of water-holding 

(h) capacity which develop during 

the frozen storage of fish muscle. 

The development of toughness 

in stored fish must ultimately 

involve some sort of intermole- 
cular cross-linking or aggregation 
reaction of the proteins. The 
changes occurring during the fro- 
zen storage of whole muscle have 
been often ascribed to protein ‘denaturation’!-*, the 
implication being that some form of unfolding or 
configurational alteration of the molecules occurs. 

However, the experiments described here suggest that 

some part, or the whole, of these changes may 

involve aggregation of native configurationally 

unchanged molecules. This notion is supported by a 

number of scattered observations. Thus, no change 

in the numbers of sulphydryl groups of that part of 
the. fish actomyosin complex which remains soluble 
after frozen storage could be found?.!°, (In one 
investigation*, apparently random variations in the 

‘masked’ sulphydryl groups of whole fish muscle 

during frozen storage did occur in some circum- 

stances.) In addition, the apyrase activity of whole 
fish muscle does not decline during conditions of 
frozen storage which undoubtedly lead to the develop- 
ment of toughness of the tissue and insolubility of the 
myofibrillar proteins'!. Partmann’s suggestion! that 
the explanation for this phenomena lies in the fact 
that the H-meromyosin sub-unit, which possesses all 
the adenosine triphosphase activity of the myosin, is 
reported'? to be unaffected by freezing while L-mero- 
myosin is rendered insoluble, remains to be inves- 
tigated. 

This work was carried out as part of the programme 
of the Food Investigation Organization of the 

Department of Scientific and Industrial Research. 
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PHYSICAL SCIENCES 


Verification of General Relativity by 
means of Artificial Planets 


TxE evidence from observation! for the relativity 
advance of the perihelia of planetary orbits depends 
primarily on the rate of advance of the perihelion of 
Mercury. I have discussed* the possibility of basing 
a verification of this result of general relativity on 
the motion of minor planets of high eccentricity, in 
particular on the motion of (1566) Icarus. La Paz 
has pointed out the further possibility of a check 
based on observation of an artificial satellite of the 
Earth. The recent Russian success in creating an 
artificial planet of the Sun has removed from the 
realm of speculation the use of such a body in verify- 
ing the predictions of general relativity. The purpose 
of this communication is to show that the controllable 
orbit of an artificial planet can be selected to yield 
a very large relativity advance of perihelion under 
certain conditions. 

The expression of general relativity for the angular 
advance « (in radians) of a planetary perihelion per 
revolution is: 


6nGM [c*a (1 — e*) }"! (1) 


where a is the semi-major axis and e the eccentricity 
of the orbit, M is the mass of the Sun, G is the gravita- 
tational constant, and c is the speed of light. It will 
be assumed that propulsion of the artificial planet 
terminated in the immediate neighbourhood of the 
Earth. Hence, the minimum possible value of a is 
approximately } a.v. (corresponding to e ~ 1), fixed 
by the fact that the aphelion point cannot lie inside 
the Earth’s orbit. As in the corresponding case for 
a minor planet?*, it follows that a significantly large 
relativity advance for an artificial planet is possible 
only for large eccentricity. 

When the approximation e ~ 1 is made, equation 1 
can be written in the form : 


¢ = (3nGM/c*)q" (2) 


where g = a (1 —-e) is the perihelion distance of the 
planet’s orbit from the Sun’s centre. For the case 
in question, equation 2 states that the relativity 
advance per revolution depends only on the reciprocal 
of the perihelion distance. If the semi-major axis a 
is measured in astronomical units, the annual advance 
v (in radians) of the perihelion is : 

v = e/fa*!? (3) 


since in this case the period P in years is given by 
P =a'!*, In the same units, one must have : 

2a —q>l (4) 
if the aphelion point is not within the Earth’s orbit. 
The minimum possible value of g in equation 2 
clearly is fixed by g = Ro, where Ro is the solar 
radius. The corresponding point of tangency of the 
orbit with the Sun’s surface at perihelion is the only 
point of contact, since the semi-parameter (half the 
latus rectum) given by p = a (1 — e*) always exceeds 
the perihelion distance g for an elliptical orbit. The 


&e= 
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advance v corresponding to the minima q = Ro and 
a = (1 + Ro)/2 from (4) is: 


11-6” (5) 







Umax. = 





annually. This figure can be compared with cep. 
tennial advances of 43” and 10” for Mercury! and 
Icarus? respectively, which are less by orders of 
magnitude. 

In practice, the grazing contact with the Sun to 
which equation 5 corresponds is undesirable, since 
the perihelion point must be selected so that loss 
of mass of the artificial planet in its passage through 
the extended atmosphere of the Sun is negligible. 
The effect on v of varying g (in terms of the solar 
radius as unit) is shown in Fig. 1, with the semni- 
major axis @ (in A.U.) as parameter, over limits set 
by inequality 4. One sees that a reasonable range 
of g and a exists over which the perihelion advance » 
of the artificial planet exceeds that of Mercury. In 
the latter case, the value of v is shown in Fig. 1 asa 
function of g, although the approximation e ~ 1 is 
inapplicable (v is large because a is small). In common 
with the principal planets of mean distance greater 
than that of Mercury, the Russian artificial planet 
does not meet the condition of high eccentricity for 
a significant relativity advance. The pertinent 
elements of its orbit are e = 0-148 anda = 1-16 a.v,, 
as reported in the current Press‘. From equation 1, 
the corresponding relativity advance of perihelion is 
v = 2-7” per century, which is less than the figure 
(3-8”) for the Earth. 

As is true also for the natural planets, the possibility 
of basing an observational test of the relativity 
formula 1 on the motion of an artificial planet 
depends on the possible precision in the measurement 
of the perihelion motion, as well as on the magnitude 
of the relativity advance. This precision can be 
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Fig. 1. The relativity advance v of the perihelion of an artificial 
planet of high eccentricity, as a function of its perihelion distance 
q (in units of the solar radius) from the Sun’s centre, with the 
semi-major axis @ (in astronomical units) as a a 
dashed line corresponds to inequality (4). Values for Mercury 
and Icarus are shown for comparison. es are logarithmic 
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measured in the case of the principal planets by a 
figure of merit a defined by Clemence’, and for the 
minor planets by a generalization of this parameter 
given by me*. It seems premature at this time 
to attempt evaluation of a corresponding figure of 
merit for an artificial planet. However, one important 
consideration associated with the factor 1 (the fraction 
of the period over which observations can be made) 
entering the figure of merit « can be noted. Because 
of the small size of an artificial planet relative to 
those of the observable minor planets, optical or 
radar observation is possible only when the object 
isin the immediate vicinity of the Earth. To optimize 
the number of passages in which observation is 
possible, it is accordingly necessary that the ratio 
of the planet’s period to that of the Earth equal 
closely a ratio of small integers n and m. This 
condition requires that : 


a ~ (n/[m)?!8 (6) 


forain A.u. In time, of course, the effect of perturba- 
tions will tend to destroy the relationship 6, and 
this circumstance may ultimately limit the amount 
of data obtainable from an artificial planet, and the 
corresponding precision in fixing the relativity 
advance. 
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Effect of Magnetic Activity on Drifts 
of the F2 Region 


OBSERVATIONS of ionospheric drift made at high- 
latitude stations by different methods has been exam- 
ined by several investigators with the view of study- 
ing the dependence of speed and direction of drift on 
magnetic activity. From such studies, it has gener- 
ally been concluded that speeds of drift of the F2 
region increase with increase of magnetic activity. 
As it was found! that drifts of the F2 region at 
Waltair show a significantly different behaviour from 
those at high latitudes, we have examined the results 
of the F2 drifts at Waltair with the view of ascer- 
taining the nature and the extent of this dependence 
on magnetic activity. 

For the purpose of the present analysis, observa- 
tions made at Waltair (mag. lat. 9° 30’ N.) of drifts 
of the F2 region obtained by the spaced receiver 
method over a period of 16 months during February 
1956 to May 1958 are utilized. The observations 
Were made at 0900, 1200 and 1500 hr. 1.8.7. on most 
of the days during this period. The operating fre- 
quency is adjusted in the range 5-8—6-2 Mc./sec., so as 
0 obtain reflexions from an equivalent height of 
about 300 km. On some of the days for which 
*4-hourly observations are available, the mean of the 
three observations around these particular three hours 
ae to give smoothed and representative values 
al these hours. As an index of magnetic activity, 

'e magnetic K indices published by the Alibag 
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Fig. 1. Variation of speed of drift of the F2 region with geo- 
i magnetic K index 


Magnetic Observatory are utilized for this study. 
At first the observations for all the three hours are 
grouped together and the speeds of drift correspond- 
ing to each value of K indices are sorted out and 
averaged. Fig. 1 shows a plot of the average speeds 
of drift thus obtained against the corresponding K 
indices. A total number of 466 observations were 
utilized for plotting this graph. A mean straight line 
drawn through all the points gives best fit, and reveals 
the interesting feature of decrease of mean drift 
speed of the F2 region with increase of magnetic 
activity in the range of 0-6, a result which is con- 
trary to the exactly opposite conclusion drawn from 
high-latitude observations. A further interesting 
point is the more or less linear decrease of drift 
speed with magnetic K index. As the diurnal varia- 
tion study of speed of drift at this station showed 
variations of speed of drift from hour to hour with 
maxima at noon and midnight, the results for each 
of the above three hours is also plotted separately 
against the K indices and the same trend of decrease 
of speed of drift with increase of K index is observed, 
the effect being, however, less for observations at 
1500 hr. 

Among the previous investigators, Briggs and 
Spencer? reported a progressive increase of speed of 
drift with K index for the range of values above 4, 
and Chapman® observed a linear variation of speed 
of drift with K index in the range of 1—4 and a more 
rapid variation above K = 4. The radio-astronomy 
results, on the other hand, indicated a more pro- 
nounced effect, and presumably these results refer 
to a height of 500 km. In the light of these earlier 
results, the present observations show an unusual 
behaviour which seems to be characteristic of low- 
latitude stations. In one respect, however, our results 
agree fairly well with the Cambridge results. Briggs 
and Spencer reported that the N.S. component is 
more or less unaffected by K index for the low range, 
while the E.W. component shows an increase on the 
western side. In the present investigation also, we 
noticed that the N.S. component remains more or 
less steady, while the E.W. component, which is 
towards west, decreases until it almost reaches very 
low values for high K indices. 

A detailed account of this investigation will shortly 
be published elsewhere. We are indebted to the 
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Council of Scientific and Industrial Research (India) 
for supporting this investigation. 
B. RAMACHANDRA Rao 
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Bose-Einstein Statistics and Helium Films 


Fottowine the proposal of London’ that the 
peculiar transition in liquid helium may be due to the 
accumulation of a significant fraction of the total 
number of particles in the ground-state of a Bose— 
Einstein gaseous assembly, many attempts have been 
made to understand the behaviour of this liquid in 
terms of the quantum statistics of a Bose gas. Most 
of these investigations have been confined to the 
study of helium in bulk. A few years ago, Osborne? 
applied Bose-Einstein statistics to helium films and 
showed that for films thicker than about 10-7 cm., 
the transition temperature should be the same as 
that for bulk liquid, whereas films thinner than this 
are effectively two-dimensional and should have 
transition temperatures much lower than the bulk 
value. The monotonic lowering of the ‘onset’ 
temperature of superfluidity with decreasing film 
thickness, observed in the study of unsaturated helium 
films? (which are essentially three-dimensional), 
thus remained unexplained‘. 

Since it is to be expected that the properties of a 
statistical assembly would be modified when at least 
one of its dimensions becomes comparable with the 
mean de Broglie wave-length of the particles, we 
believe that a proper analysis based upon the Bose— 
Einstein statistics should be able to explain the 
observed phenomenon. In the present communica- 
tion it is shown that such a study is possible provided 
the eigenfunctions in the bounded continuum are 
enumerated more exactly than is ordinarily done. 
We have therefore calculated the total number of 
particles in an ideal Bose—Einstein gaseous assembly 
by the equation : 

N= & (1) 


7; exp(a + e/kT) — 1 





and while replacing the summation over states by an 
integral we use the expression’ : 


,( 2m 3/2 i eae ateee . 
g(c) de = 2rJ (Fr) ee] +37 =) =n |de (2) 


We have taken periodic boundary conditions, and 
S/V is the ratio of the surface area of the enclosure 
to its volume. 

Now, for the degenerate case (« = 0) the integral 
over the correction term in (2) diverges. This is 


because we have replaced the summation by integra- 
tion. On physical grounds we should expect that, to 
@ crude approximation, the final result should not be 
much different from the one calculated from (2) if we 
replace e1/* in the correction term by its average 
value : 


“ett xe (kT)** (T2C(2))/(T3/20(3/2)] 
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whence one gets at the transition temperature T,: 


: 2amkT ,\3!2 [ —— h? \1e 
(ae ae os Ue ¥(3/2 ini Nad a’ Gl 
w=V() 19/2), +> mak) Ja 
For a cuboid the thickness ¢ of which is much smaller 
than the other two sides, we have S/V ~ 2/t. Express. 
ing ¢ in terms of the mean de Broglie wave-length, 
h . (2mkT)*", and 7’, as a fraction r of 7',* (the 
transition temperature for an infinitely large assembly 
S/V — 0), we may write : j 
1 = 73/1 + 0-352/t] (4) 

Equation (4) gives the variation of the transition 
temperature with the film thickness, as shown in 


Fig. 1. This is in good qualitative agreement with the 
experimental results of Long and Meyer’. 
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Fig. 1. The onset temperature of superfluidity 7’, (expressed as 

a fraction r of the transition temperature for bulk) as a function 

of film thickness ¢ (in units of the mean de Broglie wave-length of 

the particles). , Theoretical curve; ©, experimental 
points of Long and Meyer 





It may be noted here that the effect of the decreas- 
ing film thickness becomes important when it 
approaches about ten times the mean de Broglie 
wave-length. Further, it may be mentioned that the 
correction term in (4) becomes equal to unity for 
t = 0-352, which implies a film of thickness 3-9 A. 
This limiting thickness is very close to the atomic 
distance in helium, which means that the three-dimen- 
sional approach, modified as above in order to include 
the effect of the surface term, is valid for films of 
thickness down to one atomic distance, below which 
the problem becomes two-dimensional and ceases to 
remain of practical interest. 

A more detailed investigation along these lines, 
taking into account the interactions in the assembly, 
is in progress and will be reported elsewhere. 

We wish to thank Prof. D. 8. Kothari for suggesting 
this approach and for helpful discussions. 

A. D. Sinen 
R. K. PaTHRiA 


Department of Physics, 
University of Delhi. 
Oct. 13. 
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Effects of Arc Stage of Electrical 
Discharge on Ignition of Inflammable 
Gas 


No. 4662 


THERE is at present no generally accepted criterion 
of spark ignition. A widely held view is that energy 
delivered to the gas is the main criterion. Kravchenko! 
has advanced the thesis that the energy in the arc 
stage of the discharge is the sole criterion, and that 
other discharge conditions, such as glow, are incapable 
of giving rise to ignition. During the course of in- 
vestigation on inductive break-spark ignitions, a 
number of records of current and voltage across the 
discharge were taken with high-speed oscilloscopes. 
A current of 185 m.amp. was interrupted in a 95-mH. 
inductance series circuit, and the resulting discharge 
was made to take place in an explosive mixture of 
8-3 per cent methane in air. Oscillographic studies of 
similar discharges in air have been made by Nethercot 
and Rehfisch*, with lower time-base sweep-speeds 
and non-simultaneous recording of current and volt- 
age. 

The patterns of arc, glow and multiple spark 
were found to be similar in the explosive mixture and 
in air. In general, most records showed are stages 
lasting up to some 30 usec. However, a number of 
records were obtained where a recognizable arc stage 
was limited to a few microseconds as in Fig. 1, or was 
non-existent as in Fig. 2, and these gave normal 
ignitions in an 8-3 per cent mixture of methane in 
air. To resolve detail in the multiple breakdowns 
shown in the records, simultaneous voltage and 
cwrent recordings were taken at a time-base speed 
of 0-1 usec./em. Fig. 3 shows such a voltage record 
and Fig. 4 a corresponding current record, taken 
under conditions identical with those in Figs. 1 and 2. 
It is seen that nowhere is there a characteristic arc 
step; the wave carrying a superimposed high-fre- 
quency oscillation is likely to be due to the local 
oscillatory circuit at the contacts. A detailed exam- 
ination of a number of records has shown that arcs 
are established at the two levels of 96 and 144 V. 
and glows at 384 V. It is therefore clear that ignition 
is not dependent on the are stage of the discharge. 


50 =—s« 60 
(u3ec.) 
Fig. 2 
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This communication is published by permission of 
Dr. W. Idris Jones, director-general of research in 
the Scientific Department of the National Coal Board, 
and covers work forming part of the programme of 
research of the Mining Research Establishment. The 
views expressed are my own and not necessarily 
those of the Board. 

I. BERz 

Mining Research Establishment, 

Worton Hall, 
Isleworth, Middlesex. 
1 Kravchenko, V. 8., Trudy Institute Gornove Dela, 203 (1954). 
* Nethercot, W., and Rehfisch, T, J., E.R.A. Report G/T 217 (1948). 


WE agree entirely with Mr. Berz that an arc 
discharge is not essential for the ignition of inflam- 
mable gas, but we cannot agree with his statement 
that the multiple breakdowns shown in his records 
have none of the characteristics of an are discharge. 
We suggest that they are transient arcs of very short 
duration in which the current is relatively constant 
as is the voltage, although its value is appreciably 
greater than that in a sustained discharge. 

Multiple discharges, which often occur when 
inductive circuits are broken, are due to the capacit- 
ance associated with the circuit inductance and the 
opening contacts. At current break this capacitance 
is charged up at a rate which is dependent primarily 
on the values of the capacitance and the inductance. 
For short times the rate of rise of voltage is linear 
and the charging current is constant, as shown in 
the oscillograms of Figs. 3 and 4 of Mr. Berz’s com- 
munication. When the voltage reaches the break- 
down voltage of the gap, in this case about 400 V., 
the capacitive energy 4CV®? is rapidly discharged 
through the gap by the establishment of a short 
transient arc. The capacitance is then recharged 
through the inductance and the cycle is repeated 
until the breakdown voltage of the gap rises with 
increasing gap-width to a value which is greater than 
the peak value of the open-circuit oscillation. 

From the results provided by Mr. Berz’s oscillo- 
grams it is possible to deduce that the capacitance 
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in his circuit is about 100 pF., and also that the 
voltage during the short discharge is about 130 V., 
which is in reasonable agreement with one of the 
values he has found for the establishment of an arc. 
The energy dissipated in each of these short arcs is 
about 8 microjoules, so that several hundred of them, 
as shown in the oscillograms of Figs. 1 and 2, are 
needed to give the total energy of a millijoule or so 
which is required for the ignition of a methane/air 
mixture under these conditions. 

W. NETHERCOT 

H. G. RIpDLESTONE 
Electrical Research Association, 

Leatherhead, Surrey. 


A Source of Natural Tin Whiskers 


SoME years ago, when metal whiskers were dis- 
covered growing on plated surfaces in electrical 
transmission apparatus’, many investigators began 
searching for places where natural whiskers might be 
found essentially undisturbed for many years. A 
brief reflexion will indicate that such places are not 
common. Even in museums, articles are cleaned 
periodically so that natural whiskers which might be 
on their surfaces are removed. 

As a collector of military small arms and accessories, 
I chanced to discover an excellent source of tin 
whiskers in almost every German bayonet scabbard 
from the period before the First World War to the 
Second World War. The steel retainer springs which 
hold the bayonet in the steel scabbard were coated 
with tin to resist corrosion. One has only to remove 
these springs to observe a lush growth of natural tin 
whiskers on their surfaces. Fig. 1 shows such a 
growth on springs from a German bayonet scabbard 
of the First World War. Growth of whiskers is not 
entirely general over the free surface of the springs, 
but appears to be confined mainly to certain areas of 
relatively high activity. These areas may comprise 
as much as 80 per cent of the free surface. Patchy 
growth probably results from an uneven thickness of 
the tin coating. Such a variation of growth of 
whiskers with coating thickness has been established 
by experiment'. Retainer springs of the Second 
World War exhibit, similar patterns of incidence of 
whiskers on their surfaces. 

Under high magnification, the whiskers appear to 
have round or elliptical cross-sections and_ their 
surfaces are quite clean and reflective. They exhibit 
a variety of habits, including straight spires, coiled 
filaments, kinked spires, and branched whiskers, with 
the majority being straight. Whiskers from the First 


Fig. 1. Tin whiskers on First World War bayonet retainer spring 
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World War period commonly reach 5 mm. in length, 
a few being as long as 12 mm. It is clear from the 
geometry of the bayonet scabbard that the 12-mm. 
whiskers, which are about ly in diameter, must have 
grown along the inside wall of the scabbard. How. 
ever, they are not generally kinked. As expected, 
much shorter whiskers, having @ maximum length of 
about 2 mm., were noted on the Second World War 
springs. The variation in diameters between indivi- 
dual whiskers from both First and Second World 
War springs was 1—10u. 

One of the difficulties with tin whiskers has been 
the scarcity of specimens of sufficient length for 
experimental investigation. However, whiskers from 
the First World War bayonet scabbard springs are 
quite adequate for most types of testing, and they 
are plentiful. Undoubtedly, many other sources of 
long tin whiskers exist, such as the inside surfaces of 
old tin-coated canteens and cartridge boxes. 

Matcotm J. FRASER 
Metals Joining Section, 
Metallurgy Department, 
Westinghouse Research Laboratories, 
Pittsburgh 35, Pennsylvania. 
Jan. 23. 


1 Compton, K. G., Mendizza, A., and Arnold, 8. M., Corrosion, 7, 327 
(1951). 
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Structure of Kish and Other Graphites 


FRANKLIN! assumed that there were only two 
types of layer in graphitic carbons: parallel and 
oriented and parallel but disoriented layers. The dis- 
oriented layers occur randomly with a probability p, 
between the oriented layers. From this assumption 
she obtained a simple formula for the intensity 
curve in reciprocal space : 

I = (1 — U*)((1 + U* — 2U cos zl) 


where | is the crystallographic index and U = 1 — p. 
This is a special case of the more general intensity 
formula for X-rays scattered from disordered layer 
lattices®*. All Franklin’s intensity curves of the 
1122 line, obtained with graphitized carbons heated 
to between 1,720° and 3,000° C., are very close to 
the theoretical curves, estimated p values ranging 
from 0-9 to 0-1. Bacon‘ showed that the formula 
was also applicable to well-crystallized graphites, such 
as Ceylon graphite, and to three artificia] samples. 

Kish and flake graphite extracted from grey cast 
irons* were studied similarly. A 24-cm. Debye- 
Scherrer camera with a thermostat device was used. 
For the 0008 and 1132 lines nickel Ka, (0, 81°) and 
chromium Ka, (6, 82°) radiations 
were used respectively. For the 
0008 line pressed specimens 0-7 mm. 
thick and 6 mm. in diameter 
were used in order to concen- 
trate the scattering on the 
lines. For the 1122 line ordinary 
rod specimens, diameter 0-7 mm., 
were used. : 

The separation of the «, line 
from the «,%, doublet and the cor- 
rections for the geometrical broad- 
ening were carried out by Brace 
well’s method®. In _ evaluating 
numerically the integral equation, 
the geometrical broadening W® 
assumed to be given by the profile 
of the 1120 line. 
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Intensity 








The intensity distribution in reciprocal space derived 
from the powder line 1122 of various graphites 


Fig. 1. 

The theoretical intensity curves for the 1122 line 
in reciprocal space are shown in Fig. 1. The observed 
points F, FO, C, K and M were determined from 
microphotometer records obtained with the following 
samples: (Ff) Flake graphite extracted from grey 
cast iron, used in a previous study®. (fO) The same 
sample of flake graphite wet-oxidized for 12 hr. as 
previously described®. After the treatment p de- 
creased from 0-082 to 0-060. (C) Ceylon graphite 
ground in an agate mortar after mixing the sample 
with small amounts of rock salt and treating the 
mixture with hydrochloric and hydrofluoric acids. 
The grain-size was 0-01-0-1 mm.; p was estimated 
to be 0-055, whereas Bacon’s result was 0-050. A 
slight increase in the proportion of disordered layers 
was presumably caused by the grinding. (K) Kish 
graphite obtained from the Kamaishi mine, Japan. 
The sample was neither mechanically nor chemically 
treated. When it was examined under a microscope 
well-erystallized pure flakes with flat surfaces were 
observed. The grain size was 0-1-0-7 mm. Re- 
cently, Walker? found smaller interplanar distances 
than normal in untreated Kish containing 48 per 
cent ash. He attributed this to internal pressures 
produeed when the Kish was formed from molten 
iron. In my sample no contraction of spacings 
greater than 0-0001 A., as compared with the Ceylon 
graphite, was observed. (M) Original flakes of 
Madagascar graphite. The grain size was 0-4-0-8 mm. 

As will be readily seen from Fig. 1, the agreement 
between the observed points and the theoretical 
curves is striking. 

Erraro MatuyAaMa 
Faculty of Engineering, 
Yamaguchi University, 
Ube, Japan. 
Nov. 11. 
oe: R. E., Acta Cryst., 4, 253 (1951). 
‘ends, J., Acta Oryst., 2, 371 (1949). 
a y 8., and Teller, E., J. Chem. Phys., 10, 147 (1942). 
7 »G. E., Acta Cryst., 4, 558 (1951). 
‘atayama, E., Nature, 170, 1123 (1952). 
‘We R. N., Aust. J. Phys., 8, 61 (1955). 
T, Jun., P. L., and Imperial, G., Nature 1185, 180, (1957). 
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Surface Charges produced on Insulators 
by Short- and Long-time lonization 


Wiru the use of a rotating-probe electrometer’, 
high-resolution measurements of induced surface 
eharges have revealed some significant charge differ- 
ences between short- and long-time periods of 
ionization. This difference may lead to a better 
understanding of the mechanism of dielectric failure 
in the presence of gaseous ionization. 

The induced voltage charge pattern on the surface 
of polyethylene, as measured with the rotating probe 
electrometer immediately after a d.c. discharge at 
the inception voltage of a 1-mm. uniform field gap, is 
shown in the oscillograph trace drawing No. I (Fig. 1). 
The charge pattern measured a month later is essen- 
tially the same as shown in trace No. II (Fig. 1). 
These patterns show that the polarity of the charge 
is the polarity of the electrode facing the dielectric 
surface, that the magnitude of charge is uniform, and 
that it remains virtually unchanged at normal room 
conditions for a long period of time. 


M 








Charge — 





No 








Location on the dielectric 


Fig. 1. Positive charge patterns on polyethylene after d.c. dis- 


charge (1) and one month later (II) 


As shown by Mason, if the polarity of the field is 
reversed, the influence of such a charge could reduce 
the inception voltage of the gap by as much as 50 per 
cent. In this case the influence of the charge could 
be effective a month after its inception. In all 
these charge measurements marker pips on the 
left side of the cathode-ray oscilloscope trace are 
obtained from two wires (0:25 diam.) mounted 
vertically in plastic 3-5 mm. apart and maintained 
at a d.c. potential of + 500 volts above ground. 
The rotating probe picks up an induced voltage from 
these wires as it passes over the wires and the charged 
surface. In this manner the magnitude and charge 
diameter can be determined by measuring the width 
of the charge pattern at the points of inflexion. 

Short-duration 60-cycle ionization tests were made 
between two parallel polyester resin surfaces separ- 
ated by 1 mm. A potential of 5-6 kVp. was applied 
for 14 cycles. 

The charge on both surfaces was then measured at 
the discharge site. The cathode-ray oscilloscope trace 
drawings are shown in Fig. 2. The positive charge 
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Charge pattern on opposed surfaces of polyester resin 
after breakdown at 60 c./s. 





Fig. 2. 


on one surface is accompanied by a negative charge 
on the opposite surface. The charge patterns are not 
as uniform as obtained from the single discharge 


shown in Fig, 1. This is probably caused by some 
neutralization of charge during the polarity reversals ; 
however, the polarity is still essentially determined 
by the polarity of the opposite electrode at the last 
half-cycle. 

For an ionization test of long duration a stainless- 
steel electrode (2-54 em. diam.) of 0-318 em. radius 
was used to form a uniform 1-mm. gap to a polyester 
resin surface. Ionization tests were run at an ac. 
voltage of 5-6 kVp. for 27 hr. The sample was 
removed from test and the charge pattern was 
obtained two days later as shown in Fig. 3. The 
charge trace obtained with the rotating probe shows 
that the charge polarity is no longer determined by 
the polarity of the last voltage-cycle ; but we find 
small areas of both high positive and negative charge 
side by side. Furthermore, the charges are not easily 
removed as in the case of the short-duration induced 
charges of Figs. 1 and 2. This is readily accom- 
plished by breathing moist air on the surface or by 
radiation with polonium, in spite of the fact that 
short-duration induced charges remain over long 
periods of time under normal conditions. 


MM + 





Fig. 3. Charge pattern on polyester resin after a.c. discharge 
for 27 hr. 


It is known that the longer period of ionization 
results in the breaking of molecular bonds of the 
polyester resin; but it was not expected that this 
would result in large differences in charge polarity. 
On the contrary, it was anticipated that this would 
result in smoothing out the charges due to the 
increased surface conduction which is known to 
occur. 

It is believed that longer periods of ionization 
result in higher energy discharges at selective sites 
which induce electrons to penetrate deeper into the 
dielectric, and that this accounts for the high positive 
and negative charges which occur close to each other 
and most probably indicate the site where selective 
erosion occurs. Thomas* concluded that negative 
discharges cause electrons to penetrate into the 
surface of the dielectric, where they are strongly 
bound and not easily reached by positive ions. It 
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would appear from the foregoing measurements, 
made possible by the high resolution of the rotating 
probe, that there is some support for his conclusions, 
STANLEY I, REYNotps 
General Electric Research Laboratory, 
Schenectady, 
New York. 
Jan. 13. 
* Devins, J. C., and Reynolds, 8, I., Rev. Sci. Instr., 28, No. 11, B 
(1957). 


* Mason, J. H., Proc. Inst. Elect. Eng., 100, Part 2, A, No. 3 (1953). 


* Thomas, A, M., Brit. J. App. Phys., 2, 98 (1951). 






CHEMISTRY 
Synthesis of Colour Centres in Silica 


and their Thermoluminescence 


Tux colour centre which is responsible for the colour 
of smoky quartz has been described by O’Brien}. The 
precursor depends upon an aluminium ion substituted 
for silicon with an associated interstitial lithium ion 
for charge compensation. The centre consists of a 
hole trapped in the vicinity of the substitutional 
aluminium, the lithium having trapped an. electron 
and migrated from the scene. We have now found 
that combinations of other ions with aluminium in 
silica powder produce an analogous centre under 
y-radiation and have investigated the thermo. 
luminescence of the pure and doped powders after 
exposure to y-radiation. 

The silica powder was doped by wetting it with 
solutions of the impurities and heating to 1,500°C. 
The undoped powder remained colourless after ex- 
posure to 10° r. y-radiation from cobalt-60. Powder 
doped with 0-01 aluminium plus 0:01 lithium became 
a deep bluish-purple with the same dose. Samples 
doped with aluminium alone remained colourless 
after exposure. Cohen? showed by his measurements 
of anisotropy of the absorption that the aluminium 
must be substitutional. Substitution of aluminium 
for silicon ion requires charge compensation by a 
second ion such as that of lithium. 

In several experiments lithium was replaced by 
other ions selected to supply the excess positive 
charge without necessarily supplying electron traps. 
Silver, magnesium and phosphorus, when added in 
combination with aluminium, produced coloration 
under radiation. Silver may be considered to have 
an action similar to lithium in being present iter- 
stitially and in providing an electron trap. Phos. 
phorus, on the other hand, should be considered 
substitutional because of its high charge and normal 
four-fold co-ordination with oxygen. Magnesium 
must be considered intermediate. These experiments 
allow us to generalize the impurity centre described 
by O’Brien. 

The undoped silica. powder which showed no 
coloration after exposure had a very intense pen 
luminescence with a maximum at about 280° C. 
when heated at 4 deg. C./min. The exposed silica 
(aluminium, lithium) showed luminescence max! 
in the same region but with lower intensities. ‘The 
luminescence of silica (0-01 aluminium, 0:01 —, 
was measured for several dose-levels. Although oa 
coloration in these samples increased with co 
integrated thermoluminescence went throug " 
maximum. The luminescence of the pure silica gt 
was considered due to a process in which interstitis 
oxygens plus trapped holes are annihilated with oxy 


































































































March 7, 1959 


No. 4662 


wn vacancies plus trapped electrons ; Mitchell and 
Paige® had proposed such centres, corresponding to 
two absorption bands in the ultra-violet region. The 
quenching of the luminescence of the aluminium 
gentres is evidence for the interaction of these and 
the ultra-violet absorbing centres. The probability 
of the interaction would be expected to increase as 
the concentrations. increased and therefore the 
luminescence showed a maximum at an intermediate 


dose. 

Lithium can play a predominant part in the inter- 
action of these centres while bleaching. The lithium 
in an interstitial position would be quite mobile, 
especially after being discharged by electron capture. 
Phosphorus ions, as well as lithium ions, can stabilize 
the aluminium in the substitutional position required 
in the precursor. However, the low mobility of the 
substitutional phosphorus in comparison with the 
high mobility of the discharged lithium should have 
a strong influence on the degree of interaction of the 
centre upon bleaching. It is planned to extend the 
investigation of thermoluminescence to silica (alum- 
inum, phosphorus) to test this proposal, and to fused 
silica with controlled impurities so that the absorption 
bands can be studied and correlated with the 
luminescence. 

J. R. HEnsiEer 
Bausch and Lomb Optical Co., 
Rochester 2, 


New York. 
Jan. 14. 


‘O'Brien, M. C. M., Proc. Roy. Soc., A, 231, 404 (1955). 
‘Cohen, A. J., J. Chem. Phys., 25, 904 (1956). 


‘Miia B. J. W., and Paige, H. G. 8., Phil. Mag., Ser. 8, 1, 1085 


Beta-Polymorphs of Uranium and Thorium 
Disilicides 
Txor1uM disilicide was first described by Brauer 
and Mitius!, who isolated single crystals and reported 
the crystal structure to be tetragonal with the space 
group I4/amd. Later, Zachariasen* described an 
isostructural uranium disilicide observed initially 
during metallurgical examinations by Kaufmann, 
Cullity and Bitsianes*. Another phase, thought by 
Kaufmann et al. to be U,Sis and also studied by 
Jachariasen, was found to have a hexagonal crystal 
structure of the AlB,-type, space group C6/mmm. 
The crystal structure results led Zachariasen to suggest 
that this compound was a second form of uranium 
disilicide and he designated it 8-USi,. The tetragonal 
uranium and thorium disilicides accordingly became 
the alpha forms. More recently, Jacobson, Freeman, 
Tharp and Searcy! obtained a thorium silicide iso- 
structural with Zachariasen’s B-USi,, but observed 
that the silicon content was lower than that of 
«ThSi,. They used the description ‘8-ThSi,’ but 
suggested that the true composition was ThSi,.s + 9-2. 
We have prepared all the above phases by arc- 
melting and have examined them by metallographic 
and X-ray diffraction techniques. A noticeable 
feature of the preparations is the formation of 
. . 9 9 : 6 
-USi, and ‘8-ThSi,’ from mixtures containing 
on atomic per cent silicon, compared with the 
67 atomic per cent required for the formation of 
pe: — disilicides. The compositions of these 
pi a beta phases accordingly appear to be U3Sis 
ree Sis. Our values for the structure cell dimen- 
are ; 
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U,Sis: ao = 3-843 + 0-001 A.; c, = 4-069 + 0-001 A. 
Th,Si, : @) = 3-985-40-001 A.; c, = 4:228+40-001 A. 

During an investigation into reactions between the 
silicides of uranium and thorium and liquid bismuth, 
two new silicide phases have been isolated. X-ray 
analysis shows that they are hexagonal with space 
group C6/mmm. These new phases, like the above 
M,Si,; compounds, have the AlB,-type crystal struc- 
ture, but the cell dimensions are different and, in 
particular, the axial ratio c/a < 1 compared with 
c/a > 1 for the M,Si; compounds, 

Heat treatment of the new thorium-silicon com- 
pound in the temperature-range 1,200—1,300° C. 
transforms it into a-ThSi,, while heat treatment of 
a-ThSi, at 850°C. yields the new thorium-silicon 
phase. It is clear that this compound is in fact the 
true 6-ThSi, and the analogous uranium compound 
the true B-USi,. The structure cell dimensions 
obtained from X-ray diffraction results are : 

B-USi, : ag = 4-028+4 0-001 A. ; co = 3-852+0-001 A. 
8-ThSi,': a, = 4:136-+0-001 A.; ¢, = 4-12640-001 A. 

Structural characteristics and structure-cell dimen- 
sions of the alpha and new beta polymorphs have been 
compared and a mechanism has been deduced to ex- 
plain the structure transformation, Furthermore, it 
appears probable that the atomic arrangements of the 
M,Si, structure can be derived from that of the 
8-structure by omission of one-sixth of the silicon 
atoms. As a consequence, the axial ratio changes 
from a value less than unity in the beta structure to 
a value greater than unity in the M,Si, structure. 

A more complete and detailed account of the work 
outlined above is in preparation. 

A. Brown 
J. J. NORREYS 
Research Laboratories, 
The General Electric Co., Ltd., 
Wembley, Middlesex. 


Jan. 26. 


1 Brauer, G., and Mitius, A., Z. anorg. Chem., 249, 825 (1942). 
2 Zachariasen, W. H., Acta Cryst., 2, 94 (1948). 
* Kaufmann, A. R., Cullity, B., and Bitsianes, G., Trans, Amer, 


Inst. Mech. Eng., 209, 208 (1957). 
* Jacobson, E. L., Freeman, R. D., Tharp, A. G., and Searcy, A. W., 
J. Amer, Chem. Soc., 78, 4850 (1956). 


Effect of the Carrier Gas on the 


Sensitivity of a Thermal-conductivity 
Detector in Gas Chromatography 
In a recent communication’, the sensitivity, 


dt/da, of a thermal-conductivity cell to small amounts 
of organic vapours was derived from : 


t; _ to = alK, (1) 
where ¢, and ¢, are the temperatures of the hot wire 
and body of the cell respectively, a is constant, and 
K, is the thermal conductivity of the carrier gas. 
The sensitivity was then shown to be: 


dt alk, — Ky) 

dx K;' 
where K, is the thermal conductivity of the organic 
vapour and z is its concentration in the carrier gas. 
From equation 2, carrier gases of low thermal con- 
ductivity would be expected to produce the highest 
sensitivities. However, in practice a is usually varied, 
and sensitivities should be compared at equal values 
of ¢,. Carrier gases of high thermal conductivity 
would then give the highest sensitivities. 


» approximately (2) 
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An expression for a can be derived from a heat- 
balance equation that considers only the heat loss, 
from the wire, due to the thermal conductivity of 
the gas: 

I?R 

J 
where J is the current to the hot wire, R is the resist- 
ance of the wire at t,, J is Joule’s constant, and C 
is a constant for a given cell that depends only on 
the cell geometry. Rearranging gives : 


I?R\ 1 
at = Go) x; ” 


From equations 1 and 4: 
I?R 
JC 


= CK, (t, cas to) (3) 


(5) 


a 


Therefore, any change in current (J) or voltage (IR) 
changes a. 

In practice, when the carrier gas is changed, current 
or voltage is adjusted to permit operating at a high 
wire temperature, where sensitivity is high. To main- 
tain this wire temperature, a must vary with the 


thermal conductivity of the carrier gas, as shown by 
equation 1. Then, a/K, is constant, and, by re- 
arranging equation 2: 


dt a (1 K,* : 

eal F K, (6) 

In this case, sensitivity will depend on the factor, 

K, 

For this reason, gases of high thermal conductivity’ 

such as hydrogen or helium, are preferred for maxi- 

mum sensitivity in the detection of organic vapours. 

The increase in cell sensitivity with carrier-gas 

thermal conductivity has been confirmed by measur- 

ing the output voltages developed with prepared 

mixtures of hydrocarbons or methanol in helium or 

nitrogen. Table 1 shows the voltages obtained at two 
levels of cell and wire temperature. 


which is largest for the highest value of K,. 


Table 1. EFFECT OF CARRIER GAS ON OUTPUT 


Output, millivolts for 1 mole 
per cent vapour in: 


C. Vapour 
ty | Helium Nitrogen 





100 25 n-hexane 
100 2 methanol 


benzene 
cyclohexane 
n-hexane 


200 150 
200 150 
200 150 


Studies under way in our laboratories will illus- 
trate further disadvantages of using carrier gases of 
low thermal conductivity. 

L. J. SCHMAUCH 
R. A. DINERSTEIN 
Research and Development Department, 
Standard Oil Company (Indiana), 
Whiting, Indiana. Jan. 23. 
Ray, N. H., Nature, 182, 1663 (1958). 


Ir is quite true that the sensitivity of the detector 
would be higher with a carrier gas of high thermal 
conductivity, provided that the hot wire can be 
maintained at the same temperature. In practice, 
however, it is not always possible to achieve this 
because the bridge supply voltage is generally fixed 
by the makers of the instrument at a level which 
permits safe operation with a gas of low conductivity, 
and to increase the bridge voltage may necessitate 
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modification to the electrical circuit of the instry. 
ment. 

There is a further advantage with a carrier gas of 
low thermal conductivity ; the thermal conduct. 
ivities of organic gases increase more rapidly with 
temperature than those of monatomic gases such as 
argon and helium, so that if the operating tempera. 
ture is raised the thermal conductivity difference, 
and hence the sensitivity, increases if a carrier of 
low conductivity is used ; whereas with helium the 
reverse is the case, as shown in Table 1 of Dr. 
Dinerstein’s communication. 


VOL. 183 


N. H. Ray 
Research Department, 
Alkali Division, 
Imperial Chemical Industries, Ltd., 
Winnington, Northwich. 


Separation of Strontium-90 from Calcium 


OnE of the main difficulties in determining the 
strontium-90 content of biological materials such as 
milk, bone and coral is the separation of strontium 
from the large amounts of calcium which accompany 
it. In an endeavour to avoid the rather tedious and 
time-consuming method based on the insolubility of 
strontium salts in strong nitric acid', various jon- 
exchange methods have been developed? in which the 
alkaline earth ions have first been absorbed on to a 
cation exchange resin and then successively eluted 
by agents such as lactate and citrate at a controlled 
pH. Although the amount of strontium in such 
samples is very small, these methods require the use 
of a relatively large column of sufficient exchange 
capacity to absorb at least part of the accompanying 
calcium as well as the strontium. 

In view of the differing stability constants of the 
calcium and strontium ethylenediamine tetraacetic 
acid complexes (log Kis, = 8:63, log Kig, = 11°0)*, 
a study was made of the absorption of these elements 
by @ cation exchange resin, ‘Zeo-Karb 225’, in the 
presence of ethylenediamine tetraacetic acid over the 
pH-range 3-7. In each experiment 25 mgm. of stron- 
tium or calcium ions and 1 gm. of disodium ethylene- 
diamine tetraacetic acid were used with a 10-ml. 
resin column (0-9 em. internal diam.) in the sodium 


8-0 r 



























L ao 1 a | 
0 20 40 60 100 
Percentage M**+ retained on column 
Fig. 1. Effect of pH on the removal of strontium (x) and 
calcium (@) from a solution of ethylenediamine tetraacetic acid 
by ‘Zeo-Karb 225’ cation-exchange resin column 
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form. It is seen from Fig. 1 that at pH 5-25, strontium, 

resent in the cationic form, is quantitatively re- 
tained on the resin, while calcium is complexed by 
the ethylenediamine tetraacetic acid and passes 
through. 

These results were confirmed by using the method 
‘9 separate strontium from prepared strontium— 
alcium mixtures to which had been added calcium-45 
as tracer. The recovery of strontium was checked 
py eluting the resin with 3 N hydrochloric acid and 
precipitating the strontium as carbonate and weigh- 
ing. The activity of the carbonate precipitate gave 
a measure of the degree of contamination of the 
strontium with caleium. This was shown to be less 
than 1 per cent. 

This ion-exchange recovery of strontium from 
strontium—calcium mixtures is achieved with the use 
of very small columns, and should be capable of 
application to the simple determination of stron- 
tium-90 on a routine basis, considerably reducing the 
time required for each determination. 

I wish to acknowledge the assistance of Miss M. 
Barnett with the experimental work. 
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P. S. Davis 
Australian Atomic Energy Commission, 
Research Establishment, Lucas Heights, 
New South Wales. Jan. 21. 
‘Bryant, F. J., Chamberlain, A. C., Morgan, A., and Spicer, G. 8., 
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‘Milton, G., and Grummitt, W. E., Can. J. Chem., 35, 541 (1957), 
‘Farabee, L. B., U.S.A.E.C. Report ORNZ-1932 (1955). 


‘Bjerrum, J., Schwarzenbach, G., and Sillen, L. G., “Stability Con- 
stants of Metal-ion Complexes” (The Chemical Society, London, 
1957). 


Detection of Keto-Acids 


Most of the reported chromatographic work on 
the identification of keto-acids has involved the 
paper chromatography of a derivative, usually the 
2,4-dinitrophenylhydrazone. A simple technique has 
been developed in this Laboratory whereby acidic 
materials which may contain keto-acids are chromato- 
graphed directly on Whatman No. 1 paper using a 
solvent containing ethyl acetate/acetic acid/water 
(60:25:15 v/v). After irrigation and drying, the 
papers are sprayed with a saturated alcoholic solution 
of 2,4-dinitrophenylhydrazine, dried with hot air for 
5 min., and then sprayed with an approximately 
5 per cent solution of potassium hydroxide in 90 per 
cent ethanol. The 2,4-dinitrophenylhydrazones 
which have been formed in situ react to give a variety 
of colours against an almost colourless background. 
In general, the derivatives of «-dicarbonyl compounds 
give colours ranging from light blue to dark purple. 
Derivatives of other carbonyl compounds produce 
yellow, red or brown spots. The colour given by 
any one of these derivatives is often distinctive for 
that compound, and may sometimes serve to differ- 
entiate between keto-acids with similar Ry values. 

This method has proved useful recently in work 
on the ozonization of aqueous solutions of simple 
aliphatic acids, when mesoxalic acid may be pro- 
duced. The oxidation products are chromatographed 
"sing a method developed here in which a pH indicator 
's Incorporated in the solvent!. Mesoxalic acid or 
other keto-acids may have Ry values similar to those 
of other non-ketonie acids, and accordingly a second 
chromatogram without PH indicator is run and treated 
in the way described. 
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As little as 5 uygm. mesoxalic acid can readily be 

detected by this method. 
F. Dosrnson 
Coal Constitution Laboratory, 
Department of Mining, 
University of Birmingham. 
Jan. 30. 

1 Lawson, G. J., and Hartley, R. D., Biochem. J., 69, 3 P (1958). 


Equilibration of isoCyanates and 
isoThiocyanates 


isoTHIOCYANATES have been prepared by several 
methods!‘ ; I have recently found that they can 
also be prepared conveniently by the equilibration of 
isocyanate and isothiocyanate groups. This equili- 
bration occurs slowly at elevated temperatures and 
appears to be generally applicable to the preparation 
of isothiocyanates and mixed isocyanates—isothio- 
cyanates. 

The reaction is illustrated by the following equation 
for the preparation of naphthyl isothiocyanate : 


NCO NCS NCO NCS 
| | | 
AA Oy aa aS 
| J)z=z 4 
\0 \2 A 


ee 

WF 
This equilibration reaction may proceed through 
dimer formation. The yields obtained are fair, and 
considerable residue is formed. Decomposition 
leading to tar formation may be caused by the 
prolonged time at considerably elevated temperature 
required to establish equilibrium. Further study of 
the reaction and its variables, particularly acceleration 
of equilibrium formation by catalytic action, might 
greatly improve the yields. 

25 gm. a-naphthyl isocyanate (Matheson, Cole- 
man and Bell) and 21 gm. phenyl ‘sothiocyanate 
(Matheson, Coleman and Bell) were mixed and heated, 
with stirring, under reflux at a pot temperature of 
215-225° C. for 14 hr. During this period the reaction 
mixture turned yellow and gradually dark brown. 
Distillation of the reaction mixture yielded four 
fractions : 12-3 gm. distillate boiling at 164-168° C. 
at atmospheric pressure ; 4-5 gm. distillate boiling at 
44-46° C. at 2-3 mm. mercury; 3-4 gm. distillate 
boiling at 85-90° C. at 1-2 mm. mercury ; 13:6 gm. 
material boiling at 109-111° C. at 1 mm. mercury. 
This last fraction solidified on cooling to room 
temperature. A dark brown tarry residue (8-2 gm.) 
was left in the reaction flask. The solid material 
(m.p. 46-54° C.) was dissolved in toluene, the small 
amount of insoluble material filtered off and the 
toluene stripped off. The resulting white solid, 
a-naphthyl isothiocyanate, weighed 12-8 gm. and 
melted at 56-7—57-5° C. 

p-Bromopheny] isothiocyanate (m.p. 61-6-62-0° C.) 
was prepared by an identical procedure in 35 per cent 
yield. 


yA 


L. C. CAsE 
Chemical Engineering Department, 
Purdue University, 
Lafayette, Indiana. 
Jan. 10. 
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594, 233 (1955). 

‘ Baxter, J. N., Cymerman-Craig, J., Moyle, M., and White, R. A., 
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Structure of Malvalic Acid and Some 
Related Ci, and Ci, Cyclopropane 
Fatty Acids 


In recent years an interesting group of fatty acids 
containing a cyclopropane or a cyclopropene ring 
has been isolated from natural products or syn- 
thesized. This work followed the discovery by 
Hofmann et al.'* of a biologically active C,,H,,0, 
cyclopropane fatty acid, lactobacillic acid, in the 
lipides of Lactobacillus arabinosus and L. casei. Four 
more C,, acids of this type were synthesized*—the 
DL, cis and trans, 9-10 and 11-12, methylene octa- 
decanoic acids. The crystal structures of two of these 
racemates have been studied*.®, namely, the pL trans 
9-10 and px cis 11-12, and shown to have the char- 
acteristic straight- and bent-chain configurations 
illustrated in the electron density Fourier projections 
in Figs. 1 and 2. From the similarity in the dif- 
fraction data, the other two racemates are believed 
to be structurally isomorphous’ in the trans and cis 
series, respectively. Of these, the pi cis 9-10 acid 
was shown’ to be identical with the dihydrosterculic 
acid obtained‘ by hydrogenation of the sterculic acid®, 
C,,H;,0., from the kernel oil of the tropical tree 
Sterculia foetida. 

Lactobacillic acid itself had previously been 
identified with the phytomonic acid from the lipides 
of the plant pathogen Agrobacterium (Phytomonas) 
tumefaciens) which was studied earlier®!° but not 
recognized as a cyclopropane acid. From chemical 
and crystallographic evidence™ it is now consid- 
ered to be D or L cis 11-12 methylene octadecanoic 
acid, but this has yet to be completely con- 
firmed by chemical synthesis or _ single-crystal 
structure analysis. 

More recently, two C,, cyclopropane fatty acids 
have been reported, dihydrobombacic acid from the 
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Fig. 1. DL trans 9-10 methylene octadecanoic acid 
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Fig. 2. DL cis 11-12 methylene octadecanoic acid 


bombacic acid of kapok seed oil!?, and dihydro- 
malvalic acid by hydrogenation of the malvalic acid 
from the leaves and seeds of Malva verticillata and 
M. parviflora and from cotton seed}%.14, 

We have carried out a crystal structure analysis 
of dihydromalvalic acid and have shown it to be 
DL cis 8-9 methylene heptadecanoic acid, that is, 
DL-cis-7-(2-octa cyclopropyl) heptanoic acid. The 
molecule has a boomerang shape, as _ befitting its 
country of origin, which is well illustrated in the 
Fourier projection down the axis shown in Fig. 3. 
This stereochemistry with the bend at the cis sub- 
stituted ring is analogous to that found in the crystal 
structure of the synthetic DL cis 11-12 methylene 
octadecanoic acid® (Fig. 2), and quite different 
from the straight chain structure of the DL 
trans 9-10 methylene octadecanoic acid’ (Fig. 1). 
A chemical synthesis of this molecule, using the 
methods devised for the C,, acids, is now in progress 
(Hofmann, K., unpublished work). 

If Nunn’s cyclopropene structure for sterculic acid’ 
is accepted, as against the ‘conjugated structure’ or 
the ‘methylene allene’ structure, as generally it 
appears to be".1*, malvalic acid can now be assigned 
the structure (I), on the basis of the chemical and 
spectroscopic evidence®.'4 and our structure analysis 
of the dihydro derivative. 


CH,—(CH,),—C=C—(CH,),COOH (I) 
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Fig. 3. Dihydromalvalic acid (DL = 8-9 methylene heptadecanoic 
aci 


This confirmation of the natural occurrence of a 
C,, cyclopentene fatty acid is of interest from the 
point of view of biosynthesis, since it appears to 
eliminate a mechanism analogous to the addition of 
a(, fragment to a naturally occurring unsaturated 
acid as has been proposed in the case of lactobacillic 
acid??, 

This research is supported by a grant (H-1423) 
from the U.S. Public Health Service, National 
Institutes of Health. We are grateful to Dr. Vickery, 
of the Commonwealth Scientific and Industrial 
Research Organization, Australia, for providing us 
with the sample of dihydromalvalic acid, and to 
Prof. K. Hofmann, of the Biochemistry Department 
of the University of Pittsburgh Medical School, for 
his close co-operation in our study of these acids. 


B. CRAVEN 
G. A. JEFFREY 
Crystallography Laboratory, 
University of Pittsburgh, 
Pennsylvania. 
Jan. 21. 
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BIOCHEMISTRY and PHYSIOLOGY 


Polysaccharide Fibres in Mammalian 
Connective Tissue 


THE presence of fibres which differ chemically and 
physically from the contiguous collagen and elastin 
in mammalian and other connective tissue has been 
reported previously’. Four types of fibres were 
defined upon the basis of morphological variations 
as observed with the optical microscope and described 
as redimiculous, vitreous, jointed and barbed?. None 
of these exhibits hydrothermal contraction associated 
with collagen, and they all resist acid hydrolysis and 
digestion by collagenase and elastase. Mechanical 
deformation of individual fibres produces sharp 
fractures with the vitreous, jointed and barbed types, 
while the redimiculous variety exhibits predominantly 
plastic distortion. The absence of the elastic recovery 
associated with normal protein fibres of connective 
tissue, added to the other differences, indicates a 
molecular structure completely different from that of 
the fibrous proteins. 

Morphologically, the redimiculous fibres are similar 
to cotton fibres in that they consist of helically dis- 
posed fibrils with the helix angles changing along 
the fibre axis as the ends taper. They have approx- 
imately the same birefringence as raw cotton and 
exhibit the characteristic ability to produce this at 
all angles to the polarized beam. The vitreous fibres 
show similar birefringence, but no helical fibril 
assemblies have been observed and there are marked 
differences in fibre diameters between them. They 
also exhibit extinction in the usual uniaxial manner. 
All four types show a sporadic distribution in tissue 
and areas of local concentration occur adjacent to 
zones predominantly protein, that is, collagenous. The 
numbers of the types present decrease in the order 
redimiculous—vitreous—jointed—barbed. They have 
not been definitely associated with any pathological 
changes as yet and the only correlation reported is a 
general increase in numbers with the age of the 
tissue’. 

The specimens studied have all been removed from - 
either fresh or fixed tissue by needles, washed in 
distilled water, and then observed in both normal 
and polarized light. Recent work by Cruise and 
Keech (to be published shortly) has shown that when 
these individual fibres are ground in a conventional 
tissue grinder and the suspensions are examined with 
the electron microscope, no evidence of the 640 A. 
striations associated with collagen is obtained. 
Each of the four types produced angular quasi- 
crystalline units dispersed among plastic fibrous 
debris, suggesting that these fibres are essentially 
two-phase structures. 

Hall e¢ al.4 have reported that a complicated acid, 
alkali and enzymatic digestion of bovine dermis 
results in a fibrous residue of what they term ‘mam- 
malian cellulose’, which gives an X-ray diffraction 
diagram similar to that from partially oriented cotton 
fibres. In view of the known resistance of these 
polysaccharide fibres to the reagents used, it would 
appear that this treatment has in effect concentrated 
these fibres from a random distribution in the fresh 
dermis to ‘a residual mass. These workers have 
described two types of fibres appearing in the tissue 
and the residue, one of which they term anisotropic, 
and which corresponds morphologically with the 
redimiculous fibres, and the other which they term 
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c 
Fig. 1. a, 6, and c are enlargements of micro-camera X-ray 
photographs of: a, a somewhat disordered bundle of redimiculous 
fibres running roughly parallel to the long side of the photograph ; 
6, asingle redimiculous fibre ; ¢, a parallel bundle of cotton fibres : 
d is a photomicrograph of the specimen used for b, which was 
fastened across a hole in copper foil (actual diameter, 0-86 mm.) 


a two-phase structure. This appears to be identical 
with a vitreous type described by Cruise* from human 


Achilles tendon. They suggest that this type is 
probably composed of a collagen core upon which 
has been deposited in vivo a cellulose coating. In 
view of the electron microscope disintegration studies 
of Cruise and Keech this seems doubtful, as no 
evidence of collagen-like constituents was observed 
when individual fibres were examined. With this 
exception there are obvious similarities between the 
various morphological and optical findings, and 
attempts were made to obtain X-ray diffraction 
diagrams from individual fibres to investigate their 
molecular structure. 

Fibres were teased from tissue under the optical 
microscope and after identification were collected 
into ‘typed bundles’ of 5-20 fibres. These and some 
single fibres were mounted across l-mm. holes in 
metal strips and photographed with copper Ka 
radiation from an Ehrenberg—Spear fine focus X-ray 
tube running at 50 kV., 2 m.amp. and modified to 
give a focus of 1-0 mm. x 0-1 mm. Diffraction 
patterns were photographed with a _ cylindrical 
camera of 1-0 cm. radius. 

Fig. 1 shows some of the photographs: (a) of a 
somewhat disordered bundle of animal redimiculous 
fibres running roughly parallel to the long side of the 
photograph ; (b) of a single human redimiculous 
fibre ; (c) is a photograph of a bundle of cotton fibres 
for comparison; (d) is a photomicrograph of the 
single fibre. The resemblance to native cellulose is very 
striking, and confirms that the fibres photographed 
by Hall et al.4 had not been altered by the somewhat 
drastic treatment used for concentrating them and 
that these fibres are essentially the same in both 
human and animal tissue. 
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A bundle of vitreous fibres gave much the same 
photograph as (a); but so far no diffraction pattern 
has been detected from a single vitreous fibre, 

A bundle of well-aligned jointed fibres, with an 
exposure four times that of (a), gave only faint 
indications of a diffraction pattern, having some 
resemblance to that of collagen, but none to cellulose, 
So far no photographs have been taken of barbed 
fibres. The investigation is continuing. 


A. J. Cruise 


4 Raymead Way, 
Fetcham, Surrey. 


J. W. JEFFERY 


Birkbeck College, 
London, W.C.1. 
Jan. 13. 
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* Cruise, A. J., J. Soc. Leath. Tr. Chem., 40, 321 (1956). 
x Cruise, A. J., J. Roy. Micro. Soc., 77, 1 (1958). 
‘ 1, D. A., Lloyd, P. F., Saxl, H., and Ha y, F., Nat 
470 (1958). scsi =o. 


Incorporation of Radioactive Iron into 
Hezmatin a 


THE rate of synthesis of hemoproteins has been 
studied by measuring their incorporation of iron-59. 
Most of these studies have concerned hemoglobin, 
but some’? also myoglobin, catalase, cytochrome ¢ 
and cytochrome b;. No report on the incorporation 
of iron-59 into cytochrome oxidase has yet appeared. 
Except for cytochrome ¢ and cytochrome oxidase, 
the above pigments all contain protohem, 30 that 
measurement of their individual uptake of iron-59 
requires their previous separation, which is often 
difficult. 

In the present work, the fact that cytochrome 
oxidase (cytochromes a, + a) has a unique prosthetic 
group (hem a) which we can readily separate from 
protohem, facilitated the study of the synthesis of 
this enzyme in heart, liver and kidney of rats. Pre- 
liminary work had been carried out by D. B. Morell 
and A. Basser at the Institute of Medical Research 
of the Royal North Shore Hospital, Sydney (unpub- 
lished work), who found some evidence for a greater 
uptake of iron-59 in hem a of liver than in that of 
heart. The work of Gallagher, Judah and Rees’, 
who studied the effect of copper deficiency in rats, 
also indicated that hem a was rapidly synthesized in 
the liver. : 

Rawlinson and Hale’s method‘ for separation 0! 
hemin a and protohemin was improved and incor- 
porated in a method of isolation which gives hemin 4 
usually containing less than 10 per cent of admixed 
protohzemin in a yield of 80-90 per cent of that present 
in the first extract from the tissues; protohemin 
free from hemin a is obtained in approximately 5! 
per cent yield. 

The freshly excised organs were squeezed thoroughly 
in heparinized saline so as to remove as much bloo 
as possible, and washed with saline. Homogenates 
prepared in homogenizers of the Potter—Elvehjem 
type were washed twice with 0-2 M sodium acetate 
buffer of pH 5-2 to remove hemoglobin and mye 
globin. The residue was treated with a solution 
containing 2 ml. of n-butanol per 30 ml. of water for 
10 min. at 45° C. and finally washed twice with 8 
per cent aqueous acetone (v/v). 
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The hemins were extracted by 80 per cent acetone 
containing 0-7 per cent (w/v) of hydrochloric acid, 
using 50 ml. for the hearts, 100 ml. for the kidneys, 
and 300 ml. for the livers of 10 rats. The hemins 
were brought into ether with dilute hydrochloric acid 
and the ether solutions washed three times with the 
dilute acid, adding some ferrous sulphate during the 
second washing. The hzemins were then separated by 
distribution between pyridine -—ether and aqueous 
hydrochloric acid — pyridine according to Rawlinson 
and Hale’s method, except that the ether phase was 
repeatedly washed with large amounts of the aqueous 
phase until the absorption band of protohemochrome 
had disappeared, leaving hemin a of 90-95 per cent 
purity. The hzmins of the first two aqueous extracts, 
almost pure protohzemin, were brought back into 
ether with 10 per cent hydrochloric acid. 

Blood was collected by heart puncture, and an 
ether solution of its protohemin prepared from it. 
Ferritin was isolated in rather low yield from a portion 
of the liver homogenate as described by Theorell e¢ al. 
and its iron determined by Trinder’s method'. 

The hemins were extracted from their ether solu- 
tions with 0-1 N sodium hydroxide and measured 
spectrophotometrically as hemochromes in 20 per 
cent pyridine — 0-1 N sodium hydroxide — sodium di- 
thionite, applying the formula of Lemberg e¢ al.*. 
Hemin iron was calculated by assuming a molecular 
weight of 652 for protohzemin and 870 for hemin a. 

Radioactivity was counted in an annular well 
scintillation counter and corrected, for decay, to the 
day of injection. The total isolation procedure could 
be carried out in three days. 

Ten rats weighing about 150 gm. each were used for 
each experiment. Each rat received intraperitoneally 
about 2 ue. labelled ferric ammonium citrate contain- 
ing 5-10 ugm. of iron and giving a count of 102,000 
per min. 
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Table 1 





Specific activities 
(counts/min./ 

| ugm. iron) after : 

7 days 14 days 


standard deviations* after 


7 days 14 days 


| 
| 
Counts/min. per 10 rats with 
| 
| 





Bloodt 337,000 +2,100 389,000 +1,000 | 





| Protohemin | 
Heart 5043-5 


re 62i4 | 
| Kidney 280 +12 | 


! 131 +10 
Liver 1,180 £46 2,050 +46 
Blood _— 


0 00 GO > 
promod 





| 

| 

| 

|_Bood | | 

Hemin at | | | 

| Heart 5 26 - | : | 

Kidney } : | 
Liver | 

Liver/ 

ferritin§ | 

| 


— 
roo 
nod 





33,600 +600 12,700 +370 12° 6-0 





“Standard deviations apply only to the counting procedure. 

t Assuming the blood volume of the rat to be 10-0 ml. 

{Specific activities corrected for protohemin content which was 
as follows: after 7 days, heart 6, kidney 7, liver 10 per cent; after 
14 days, heart 0, kidney 1, liver 27 per cent. 

§ Isolation incomplete, 


_ As expected, most of the radioactive iron is found 
in the ferritin and hemoglobin. The specific activi- 
ties, however, of the hemins isolated from the organs 
are similar to those of hamoglobin—protohemin. 
There are no significant differences of blood proto- 
hemin and the protohemin from the organs, with the 
Possible exception of the heart. A substantial and 
variable part of the protohemin isolated from the 
organs is, however, derived from hemoglobin and 
myoglobin, which our procedure failed to remove 
completely, and not from cytochromes of type b. 
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The specific activity of hemin @ proves that iron is 
rapidly incorporated into the cytochromes of type a. 
A comparison of the specific activities of protohzemin 
and hzemin a shows that the incorporation into hem 
@ exceeds that into protohem in the kidney and 
especially in the liver, whereas in the heart the 
hem a activity is distinctly smaller. These 
findings agree with the observations of Gallagher, 
Judah and Rees’ that cytochrome oxidase and 
hemin a rapidly decrease in copper deficiency and are 
rapidly restored by copper, and that the decrease is 
more marked in the liver than in the kidney. Their 
experiments differ, however, from ours in that a 
physiologically abnormal deficiency of hem a was 
present which may have provided an extra stimulus 
for hem a synthesis. 

The differences between the one- and two-week 
experiments are scarcely significant, except that the 
total activity in hemoglobin has risen, and the 
specific activity in liver ferritin has decreased, as 
expected. Experiments will be carried out with 
shorter times of incubation to obtain more information 
on the rates of incorporation of iron. It will also be 
of interest to see whether hem a is synthesized in 
vitro by liver homogenates, as Minakami, Yoneyama 
and Yoshikawa’ have recently reported for cyto- 
chrome b. 

We are indebted to Prof. C. Rimington for allowing 
this work to be carried out in his Department, and 
for his help in the animal experiments, to Miss E. M. 
Clarkson for the estimation of the iron content of the 
ferritin preparations, and to the Australian National 
Health and Medical Research Council for a travel 
grant. 

R. LEMBERG 
A. BENSON 


Department of Chemical Pathology, 
University College Hospital Medical School, 
London, W.C.1. 
Dec. 12. 
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Rate of Exchange of Phosphate in Red 
Blood Cells : Effect of Thyroid Hormones 


A metuHop for the in vivo determination of the 
rate of exchange of phosphate in red blood cells by 
means of the s**P coefficient has already been 
described. This coefficient measures the outflow 
of phosphorus-32 from circulating labelled red blood 
cells. It has been shown that s**P représents the 
turnover-rate of acid-soluble phosphate in the red 
blood cell?. 

The exchange-rate of phosphorus-32 has been 
studied by means of this technique in man and rat 
under different conditions of thyroid activity. 

In euthyroid men, the mean value of s**P for 170 
determinations is 4-4 + 0:3 x 10-*/min. Hy- 
perthyroidism (32 cases): and hypothyroidism (23 
cases) are characterized by s**P coefficients of 
5-3 + 0-4 and 3-3 + 0-4 x 10-*/min. respectively. 
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In the rat, the mean value of 7:0 + 0-5 x 10-4/min. 
in 20 controls reaches 7-9 + 0-4 (17 animals) after 
treatment with thyroid extract for 30 days and 
decreases to 5-7 + 0-5 (20 animals) after continuous 
administration of methyl-mercapto-imidazol for the 
same period of time. In these various conditions 
there was no significant modification of the soluble 
phosphate concentration of the red blood cells. It 
was possible to establish a high correlation between 
the variations of the s**P coefficient and the basal 
oxygen consumption measurements. 

These findings imply a close relationship between 
thyroid activity and the turnover-rate of acid-soluble 
phosphate in the red blood cells. From preliminary 
in vitro experiments, it seems that the thyroid 
hormone acts directly on phosphate transfer: in 
vitro addition of l-triiodothyronine (5 ygm. per cent) 
to labelled red blood cells, incubated in non-radio- 
active plasma of myxcedematous patients, is followed 
by an increase of the outflow-rate of phosphorus-32. 

A. M. Ermans 
P. A. BASTENTE 
Medical Clinic and Isotopes Laboratory, 
St. Peter Hospital, 
University of Brussels. Dec. 18. 
* Ermans, A. M., C.R. Soc. Biol., 147, 1525 (1952). 
* Ermans, A. M., “Influence de l’activité thyroidienne sur la vitesse 


d’échange du phosphore globulaire. © Bases physiologiques et 
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Enzymatic N-Methylation of Histamine 


THE in vivo studies of Schayer! have shown ring 
N-methylation to be the principal pathway of hista- 
mine metabolism in a variety of mammalian species. 
His work demonstrates the following scheme : 
histamine——> 1-methyl]-(§-aminoethyl) imidazole 

(methylhistamine) 
—— l-methylimidazole-4-acetic acid 


Kobayashi* found that incubation of histamine with 
whole-liver homogenates resulted in the formation of 
l-methylimidazole-4-acetic acid. These observations 
reflect the summation of at least three enzymatic 
processes, one of which is concerned with the synthe- 
sis of a co-factor needed for histamine methylation. 
This report describes the isolation and properties of 
an enzyme, imidazole N-methyl transferase, which 
catalyses the ring-N-methylation of histamine requir- 
ing S-adenosylmethionine as the methyl donor. 

The enzyme was. purified approximately eight-fold 
in two steps from the soluble supernatant fraction of 
mouse liver. After homogenization of mouse liver with 
4 vol. of isotonic sucrose and centrifugation at 78,000g, 
the supernatant fraction was adjusted to pH 5-0 
with dilute acetic acid and heated for 5 min. at 50° C. 
After centrifugation, the precipitate was discarded 
and the supernatant fluid fractionated with ammonium 
sulphate. The protein fraction precipitated between 
50 and 70 per cent saturation was centrifuged, dis- 
solved in 0:01 M phosphate buffer pH 7 -4 and dialysed 
against 0-001 17 phosphate buffer pH 7-4 overnight. 
The partly purified enzyme can be stored frozen 
for several weeks at — 10° C. without loss of activity. 

Enzymatically formed methylhistamine was 
extracted with chloroform at alkaline pH*. Under 
these conditions, 88 per cent of the methylhistamine, 
but only 7 per cent of the histamine, are extracted 
into the chloroform. 

Table | shows the absolute requirement by the puri- 


fied enzyme for S-adenosylmethionine. Magnesium 
ions and reduced glutathione are not necessary in this 
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Table 1. REQUIREMENTS FOR RING-N-METHYLATION OF Histawyg 
BY PURIFIED MOUSE LIVER ENZYME 


VOL. 183 





————— | 

| Methylhistamine 
formed 
(umoles) 





0-041 | 
0-043 
0-044 
0-000 
0-000 


Whole system 

Whole system + 2 mgm. reduced glutathione 
Omit magnesium chloride 

Omit S-adenosylmethionine 

Preheated enzyme | 


| Reaction mixture* 
| 





© Reaction mixture containing 2 ml. 0:1 M phosphate buffer pH 7-4 
0-5 ml. purified mouse-liver enzyme (0-22 mgm. protein), 0-4 umoles 
S-adenosylmethionine, 20 umoles magnesium chloride, 0-05 umoles 
histamine dihydrochloride labelled with carbon-14 (Nuclear Chicago) 
(12,500 ¢.p.m.),in a final volume of 3-0 ml. was incubated at 37°C, 
forte —- mixture was saturated with sodium sulphate after 
the addition of 0-5 ml. of 5 N sodium hydroxide and the methyl- 
histamine extracted with 15 ml. chloroform. _An aliquot of chloroform 
was evaporated to dryness, the residue eluted with 0-5 ml. of hyamine 
(ref. 8) and phosphor and counted in a ‘Tri Carb’ liquid scintillation 
counter. 

system. Furthermore, dialysis of the enzyme against 
versene or the addition of versene to the reaction 
mixture does not alter the enzymatic activity. This 
indicates that imidazole-N-methy] transferase differs 
from catechol-O-methyl transferase‘. Enzymatic 
activity is not altered by pretreatment of animals with 
‘Marsilid’, a monoamine oxidase inhibitor which blocks 
the conversion of methylhistamine to 1-methyl- 
imidazole-4-acetic acid’. 

The enzymatic product was proved to be methy]- 
histamine by three techniques. After cochromato- 
graphy in ethanol/0-1 N hydrochloric acid (95: 5) 
of the enzymatic product and synthetic methyl- 
histamine*, a radioautograph demonstrated a single 
spot which exactly coincided in Rp and shape with the 
ninhydrin-stained area. The specific activity remained 
constant after four recrystallizations as the dipicrate’ 
with added carrier. Finally, incubation with mouse 
liver homogenate formed radioactive 1-methylimi- 
dazole-4-acetic acid. This was proved as follows: 
Enzymatically formed methylhistamine was _ incu- 
bated with whole mouse liver homogenate for 
4 hr. The mixture was boiled, filtered and passed 
through a ‘Dowex-1l’-acetate 100-200 mesh column 
(10 em. x 1 em.). The column was washed and then 
eluted with 0:5 N acetic acid. After concentration 
of the eluate, it was recrystallized from acetone 
water with carrier 1-methylimidazole-4-acetic acid 
(synthesized from cyanomethylimidazole® by Pyman’s 
method’). There was no decrease in specific activity 
after four recrystallizations while carrier imidazole 
acetic acid could readily be freed of radioactivity by 
this technique. 

Imidazole-N-methy] transferase has been found to 
be present in most tissues of all species studied so 
far, and appears to be of paramount importance in 
histamine metabolism. A more detailed study of 
this enzyme will be the subject of a future communi- 
cation. 

Donatp D. Brown 
JuLiIvs AXELROD 
Rosert TomcuicK 
Laboratory of Clinical Science, 
National Institute of Mental Health, 
Bethesda, Maryland. Dec. 18. 
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Inactivation of Isoniazid by Peroxidase 


INVESTIGATIONS on enzymes of Mycobacteria 
reported from this laboratory’ and elsewhere*.* have 
shown the importance of cellular peroxidase for the 
activity of isoniazid. Results of an extension of these 
studies bearing on the effect of peroxidase on the 
tuberculostatic activity of isoniazid form the basis of 
the present communication. 

Using Mycobacterium tuberculosis H37Rv as the 
test organism, growth studies were carried out on 
Youman’s medium (without serum) and the observa- 
tis were made usually at the end of three weeks 
incubation at 37°C. Horse-radish peroxidase (ob- 
tained through the courtesy of Dr. E. F. Hartree, 
Molteno Institute of Biology and Parasitology, 
Cambridge), beef-liver catalase (Boehringer) and 
mammalian cytochrome c (Boehringer) were sterilized 
by Seitz filtration, whereas hzemin (Roche), hemo- 
globin (Difco) and isoniazid (Roche) were autoclaved ; 
0-05 ¢.c. of the test organism, grown for 10 days on 
Dubos ‘Tween’ albumin medium, was used as the 
inoculum per tube. 
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EFFECT OF PEROXIDASE AND RELATED COMPOUNDS ON 
Mycobacterium tuberculosis H37Rv BY 
ISONIAZID 


Table 1. 
GROWTH-INHIBITION OF 
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+, growth; —, no growth. 

The mean results of several experiments are sum- 
marized in Table 1. Fisher‘ first demonstrated, later 
confirmed by Knox5, that hemin strongly antagonized 
isoniazid. It was further shown that it breaks up 
isoniazid to diiso-nicotinoyl-hydrazine and %so-nico- 
tinie acid‘. In the present study, it is seen that 
while on a weight basis peroxidase is 100 times as 
active as free heemin, on the basis of its hemin content, 
which is 2-5 per cent, it is 4,000 times more active. 
The fact that inactivated (autoclaved) peroxidase 
showed no effect indicates that the reaction is enzy- 
matic and specific, since the other hzm-proteins were 
without activity, 

These experiments were carried out with extracellu- 
lar peroxidase. Isoniazid-susceptible tubercle bacilli 
have, however, the peroxidase at the surface and 
intracellular. Thus, isoniazid could be fixed to the 
bacteria and broken down within the cell. If the 
breakdown products are liberated outside by extracel- 
lular peroxidase, they may not enter the bacterial 
cell, 

Much work has been done on the possible modes of 
the action of isoniazid. Investigations of our own 
demonstrated that isoniazid does not act by inhibition 
of either catalase or peroxidase*®, and we proposed @ 
techanism by which isoniazid is fixed to susceptible 


tells and metabolized with a peroxidase—oxidase 
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system® similar to that of tryptophan proposed by 
Knox and Mehler’. 

That the activity of isoniazid may be due to its 
breakdown to peroxide is not supported by the fact 
that the more peroxide-susceptible, catalase-negative 
mutants are, on the contrary, resistant to the drug. 
Further, the action of peroxidase is also not merely 
due to its removal of peroxide, since otherwise catalase 
should have been equally effective. 

These studies emphasize that the breakdown pro- 
ducts of isoniazid, other than peroxide, eventually 
exert the inhibitory effect by blocking an essential 
function once they are transported across the cell 
membrane into the cell. 

M. O. TrRUNARAYANAN* 
W. A. VIscHER* 
Medical Section, 
Schweiz. Forschungsinstitut fiir Tuberkulose, 
Davos. 
Dec. 22. 
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Quantitative Estimation of Purines by 
the Visual Scanning of Photographs of 
Paper Chromatograms 


EstimaTIOn of microquantities of purines by paper 
chromatography was first suggested by Hotchkiss?. 
Later, detection by photographing with an ultra- 
violet source has amplified the method’. Tennent 
et al. and others have designed adaptors for the 
Beckman spectrophotometer to enable direct estima- 
tion of the purines from paper chromatograms. This 
method requires costly instrumentation, and is time- 
consuming unless an automatic recorder is provided. 

Other authors have estimated the size of the spot 
produced on the photograph. 

To obtain a quantitative relationship between 
area and concentration it is necessary that a spot of 
accurate dimensions be placed on the starting line. 
This is frequently difficult. We have been able to 
produce quantitative results by the scanning of 
photographs on an automatically recording (visual) 
densitometer designed by us and reported in detail 
in & subsequent paper. The densitometer has a high 
sensitivity, which enables density as well as area 
definition to be recorded. 


Fig. 1, showing typical calibration curves of adenine 
and adenosine, was obtained by the following method. 


The standards 0:02, 0:04 and 0:08 umole of the 
substance were spotted on to Whatman No. 1 paper. 
The three concentrations were developed on the same 
paper with iso-propyl ether, 90 per cent (w/v) formic 
acid, (3: 2)5 for 6 hr. by the ascending technique. 
The papers were then dried and photographed by 
contact photography on to ‘Kodagraph’ contact 
paper (extra thin) using a B.G.E. germicidal lamp 
to produce the image*. The print was slightly over- 
exposed to ensure an even black background. 
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Concentration (uM) 








Area (arbitrary units) 
Fig. 1 


The print was then developed, fixed and dried in the 
usual way. The print was cut in 2-in. strips and 
scanned. The record produced gave a tracing of the 
absorption of the spot. The area under the curve was 
estimated with an ‘Allbrite’ planimeter, and this 
area was plotted on a double logarithmic graph 
against the concentration of the purine. The resulting 
plot gave a linear calibration. It was found that the 
base-line obtained on such a curve was more stable 
than that obtained by scanning a blank filter paper. 
The method is also applicable to other substances, 
such as steroids’, which have absorption properties 
in the ultra-violet regions. 

We wish to acknowledge financial assistance from 
the National Health and Medical Research Council 
of Australia and General Motors Holden. 

B. M. JoHNsTONE* 
G. P. BRINER 
Department of Pharmacology, 
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Detection of Gentiobiose and Sophorose 

in Cultures of Certain Micro-organisms 

growing in Defined Glucose-containing 
Media 


Tue ability of cellulose-forming species of Aceto- 
bacter to produce from glucose a mixture of melibiose, 
cellobiose, cellotriose, cellotetraose and fructose, 
together with higher oligosaccharides some of which 
yield fructose on hydrolysis, has been reported in 
recent communications'-*. We have now examined 
the behaviour, in comparable conditions, of Aceto- 
bacter aceti N.C.1.B. 8554, Acetobacter rancens N.C.I.B. 
7214, Acetobacter acidum-mucosum N.C.1.B. 8133, 
and Acetobacter acetosum var. nairobiense N.C.I.B. 
7212, none of which produces cellulose. A. aceti was 
grown in a medium containing (gm./l.): (NH,)2SO,, 
3; MgSO,.7H,O, 2; KH,PO,, 3; glucose, 30. The 
same ingredients with addition (gm./1.) of : pi-alanine, 
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Q-1; asparagine, 0-1; calcium D-pantothenate 
0-002; riboflavin, 0-002 and biotin, 0-0003, were 
employed to make up the medium for the three other 
species. These media were dispensed in volumes of 
200 ml. in sixteen Glaxo flasks, four flasks for each 
species. After inoculation and incubation for 19 
days at 28° C. the contents of each set of four flasks 
were Seitz-filtered and concentrated to about 50 ml, 
in presence of a little barium carbonate in vacuo at 
35°. Each concentrate was filtered and treated in the 
following manner in all four cases. It was added toa 
column (4:5 cm. diameter) filled with a charcoal- 
‘Celite’ (50:50, w/w) mixture. The column was 
eluted with water (5 1.) and then with aqueous ethanol 
solutions containing, respectively, 5, 15, 20 and 35 
per cent (v/v) of ethanol. The aqueous ethanolic 
eluates were combined (4 1.), concentrated under low 
pressure at 35° C. to 500 ml. and treated successively 
with ‘Zeo-Karb 225’ (H* form) and ‘De-Acidite f° 
(OH form). 

After removal of these resins the solution was 
concentrated further to a syrup and examined in 
three ways by paper chromatography using: (a) 
n-propanol—water—ethyl acetate, 7:2:1 by vol; 
(6) pyridine—water-ethyl acetate, 1: 2:2 by vol; 
and (c) the method of Bayly and Bourne‘, in which 
comparison is made of the benzylamine derivatives 
of sugars. 

The chromatographic pattern afforded by the 
products of each species of Acetobacter was the same 
in all cases. Two disaccharides and one higher 
oligosaccharide predominated in each culture, and 
these disaccharides showed the mobilities of gentio- 
boise and sophorose, respectively, when run against 
authentic disaccharides by procedures a, b and c, 

A. rancens was now employed in an experiment 
with 30 1. of medium. After incubation the meta- 
bolism solution was concentrated in presence of 
barium carbonate in vacuo at 35° C., filtered and sub- 
jected to charcoal—‘Celite’ treatment. The aqueous 
ethanolic eluates were combined, concentrated in 
vacuo at 35° C., desalted in the manner described by 
Walker and Wright? and oligosaccharides left in 
solution were separated by gradient elution from 
charcoal, following the technique of Bacon and Bell’. 
95 fractions, each of 200 ml., were collected. From 
fractions 15-60 two reducing sugars were isolated, 
purified by band paper chromatography and examined 
in the solvents of a, 6 and c, in which they were 
indistinguishable from gentiobiose and _ sophorose, 
respectively. Also, on hydrolysis each yielded solely 
glucose, and on acetylation each yielded an acetate 
which on combustion gave values corresponding to 
C.sH,.0,», the empirical formula for a disaccharide 
octa-acetate. Final confirmation of identity was 
obtained in each case by paper ionophoresis in borate 
buffer pH 10 at 800 V. for 3 hr. 

In a study of glucose metabolism in Aspergillus 
nidulans Eidam, the mould was grown as surface 
cultures on a solution which contained (gm./l.): 
NH,NO,, 3:00; K,SO,, 0-22; NaH,PO,.2H,0, 
7:30; MgSO,.7H,0, 5-00; FeCl,.6H,0, 0:16; 
ZnSO,.7H,O, 0-05 and glucose, 100. 

After 8 days at 26° the metabolism solution (20 1) 
was filtered and concentrated in presence of @ little 
barium carbonate at 35° to a thin syrup. This wa 
subjected to charcoal—‘Celite’ chromatography 
eliminate hexoses, as described by Bacon’. Alt 
removal of ethanol-insoluble salts of phosphoric¢ ac 
esters? the oligosaccharide fraction was desalted wi 
‘Zeo-Karb 225’ and ‘De-Acidite E’, concentrated st 
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35°, and subjected to gradient elution with water 
and with aqueous ethanol from a charcoal—‘Celite’ 
column’. 96 fractions, each of 100 ml., were collected 
and contained three disaccharides and three higher 
oligosaccharides. Fractions 27-40, which contained 
rincipally disaccharides, were combined, evaporated 
to low bulk and resolved by cellulose column chroma- 
tography into three fractions containing two main 
components and a third component in traces. By 
pand paper chromatography these two main com- 
ponents were isolated in pure condition. Each yielded 
only glucose on hydrolysis and each gave an acetate, 
(ygH 3,012. By chromatographic procedures similar 
to those used for the products of the Acetobacter 
species and by ionophoresis in borate buffer pH 10 
at 900 V. for 3 hr., the two disaccharides were shown 
to be gentiobiose and sophorose. 

These results are of interest in relation to questions 
concerning cellulose synthesis by A. acetigenum and 
the formation of B-linked glucosaccharides by moulds. 
It is intended to report the work in more detail 
elsewhere. 

For gifts of specimens of rare sugars we are indebted 
to Dr. J. S. D. Bacon, Prof. K. Freudenberg, Dr. L. 
Hough, Prof. S. Peat, Dr. Elizabeth Percival and 
Dr. W. J. Whelan, and we are grateful to Dr. S. A. 
Barker, who carried out for us an ionophoretic 
identification. 
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Malonate Metabolism by Plant Tissues 


InTEREST in malonic acid has been largely directed 
towards its role as a competitive inhibitor of succinic 
dehydrogenase. Very little attention has been 
directed towards the occurrence of malonic acid in 
plant tissues or toward the metabolism of malonic 
acid per se. In 1952 Bentley! showed malonate to 
be present in about eighteen species of leguminous 
Plants. Malonic acid has also been reported in 
species from families other than the legume family*-*. 
That malonic acid could be metabolized was estab- 
lished more than thirty years ago when it was shown 
that malonate could serve as the sole carbon source 
for certain bacteria‘. More recent work established 
that malonate was readily metabolized by enzyme 
preparations from fungi®.*, mammals’.*, and plants®.1°. 
The present communication reports a wide range 
of higher plants which possess the ability to meta- 
bolize malonate. 

The procedure involved submerging the petiole of 
excised leaves into a vial containing 60 moles 2-14C 
labelled malonate (specific activity = 1,000 c.p.m./ 
umole). The leaves were permitted to absorb the 
labelled malonate for 17 hr., at which time the leaves 
Nits oven-dried and the organic acids extracted with 

6 water. The organic acids were then separated 
Y paper chromatography (ether/acetic acid/water, 


*: 1:5) and the individual organic acids counted on 
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Table 1. PERCENTAGE CONTRIBUTION BY INDIVIDUAL ACIDS TOWARD 

TOTAL RADIOACTIVITY IN ORGANIC ACID FRACTION OF LEAVES 

FOLLOWING 17-HR. ABSORPTION PERIOD OF 2-'*C MALONATE THROUGH 
LEAF PETIOLE 





Un- 
identified 
acids* 


Plant species Citric | Succinic | Fumaric 





Lantana 

Fig 

Peach 

Apple 

Sweet orange 
Eucalyptus 
Coffee 
Strawberry 
Azalea 
Walnut 
Camellia 
Soybean 
Boysenberry 
Corn 
Tomato 





SEAR RASARARAR Co 
RAR AAA ARKO 























* Unidentified acids, usually three or four in number, were situated 
near the origin and in most cases were poorly resolved. 
T, Trace (radioactivity failed to exceed twice background). 


a gas-flow counter. The radioactivity in the individual 
organic acids (except malonate) was summed and the 
percentage of the total activity contributed by each 
acid calculated (Table 1). When radioactivity within 
an individual acid failed to exceed twice background, 
the percentage of the total count for that acid was 
listed as ‘trace’. 

Table 1 lists the percentage radioactivity present in 
individual organic acids following a 17-hr. absorption 
period of 2-'*C malonate through the leaf petiole. 
The presence of radioactivity in organic acids indi- 
cated that malonate was metabolized and that the 
No. 2 carbon was incorporated into various acids. 
Comparing the radioactivity among the isolated acids, 
it may be noted that malate in each case contained 
the largest percentage of radioactivity, followed in 
most cases by citrate, succinate, and fumarate, 
respectively. Substantial quantities of radioactivity 
were also present in several unidentified acidic con- 
stituents possessing quite low Ry values. Identifica- 
tion of these acidic constituents is incomplete. 

The fifteen plant species which are listed in Table 
1 were selected at random from forty-five species 
examined. The thirty unlisted species follow: 
acacia, almond, blackeye pea, bougainvillea, bush 
bean, cactus, cherimoya, eugenia, feijoa, fuschia, 
geranium, hydrangea, ivy, loquat, morello cherry, 
mustard, natal plum, papaya, passion fruit, pear, 
persimmon, poinsettia, potato, rose, rough lemon, 
sunflower, trifoliate orange, tropical guava, white 
sapote, and wing nut. Substantial radioactivity was 
detected in one or more of the Krebs cycle acids in 
each species examined. 

Working with particulate enzyme preparations, 
Young and Shannon’ recently suggested that the 
pathway of malonate metabolism in bush bean leaves 
proceeded according to the following scheme : 


malonate ——> malonyl coenzyme A ——> 
acetyl coenzyme A 


The product of this reaction scheme, acetyl coenzyme 
A, was then available for condensation with oxalace- 
tate and subsequent oxidation by the Krebs cycle. 
While only respiratory reactions were investigated, 
it was suggested that the product, acetyl coenzyme A, 
participated in other reactions as well. Brady"? 
reported recently that malonyl coenzyme A was an 
active participant in fatty acid synthesis. 

The radioactive assay results indicated that forty- 
five species, comprising twenty-seven families, incor- 
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porated the No. 2 carbon of malonate into one or more 
of the identified acids—malate, citrate, succinate, or 
fumarate. In view of the large number and diversity 
of species performing this incorporation, it is suggested 
that the enzyme(s) capable of metabolizing malonate 
may be widespread throughout the plant kingdom. 
LELAND M. SHANNON 
Rocer H. Youne 
CaRLTON DUDLEY 
Department of Horticultural Science, 
University of California, 
Los Angeles 24. Dec. 23. 
1 Bentley, L. E., Nature, 170, 847 (1952). 
4 Nie K., and Hasselbring, H., J. Amer. Chem. Soc., 58, 1040 
* Young, R. E., and Biale, J. B., Plant Physiol., 31 (Supp.), 23 (1956). 
* den Dooren de Jong, L. E., Dissertation, Rotterdam (not seen) (1926). 
* Hayaishi, O., J. Biol. Chem., 215, 125 (1955). 
* Wolfe, J., luler, D. and Rittenberg, 8.,J. Biol. Chem. ,209, 867 (1954). 
’ Nakada, H., Britton, B., and Wolfe, J., Fed. Proc., 16, 98 (1957). 
* Nakada, H., Wolfe, J.,and Wick, A., J. Biol. Chem. , 226, 145 (1957). 
* Giovanelli, J., and Stumpf, P. K., Plant Physiol., 32, 498 (1957) 
4° Young, R. H., and Shannon, L. M., Plant Physiol., 38 (Supp.), 35 


(1958). 
11 Brady, R. O., Proc. U.S. Nat. Acad. Sci., 49, 933 (1958). 


Micro-volume Drop-plate Assay of 
Antibiotics 

In assaying antibiotic substances by any of the 
well-known plate diffusion methods it is necessary to 
dilute the unknown solution to varying degrees, 
depending on the original concentration. In addition 
to minimizing the possible disturbing influence of 
interfering substances and the pH of the original 
sample in the assay plate, this procedure has the 
practical convenience of providing inhibitory zones 
of a suitable size-range needed for a satisfactory assay. 
However, if one could run good assays on the original 
concentrated samples without resorting to serial 
dilution it would simplify the assay procedures. We 
have found that such a step is possible with the use 
of a micrometer syringe which would enable one to 
spot micro-volumes directly on the assay plate with 
great accuracy. These minute volumes dry rapidly 
and form discrete spots, giving uniformly circular 
inhibition zones after allowing proper diffusion and 
incubation periods. 

In order to test the practicability of the outlined 
approach, several four-point assays were run on 
liquid samples containing penicillin by both the 
conventional cup-method and the micro-volume 
drop-plate method, the latter with the aid of a 
micrometer syringe (‘Agla’ brand, Burroughs Well- 
come and Co.). In both cases the plates were pre- 
pared according to the enriched seed layer method 
described by the U.S. Food and Drug Administration, 
using ‘Difco Penassay’ base and seed agars. The assay 
organism was Bacillus subtilis A.T.C.C.6633. In the 
droplet method, in place of cups, the same volumes 
of a suitable penicillin G standard and the unknown— 
usually, 0-4 and 1-6 pl., corresponding to two and 
eight small divisions on the peripheral scale of the 
micrometer head—were spotted directly on the agar 
surface. Assay values were calculated from the result- 
ing inhibition zones using Miyamura’s nomogram?. 

Results of the assays given in Table 1 show that 
the droplet method as used by us is quite satisfactory, 
and the errors involved cannot be considered to be 
higher than in the commonly used cup, cylinder and 
bead-modifications of the plate assays. In our 


experience, the method is simpler than these other 
conventional plate methods and less time-consuming, 
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Table 1. PENICILLIN TITRES OF UNKNOWNS IN UNITs/Mt, 
ae ; Min? 


VOL. 183 








| 
| 
| Micro-\ olume 








Sample No. Cup-plate assay |  drop-plate assay 
1 1,020 1,010 | 
2 2,020 2,000 | 
3 2,180 2,390 
4 1,860 } 1,840 
5 1,910 } 2,050 
6 1,740 | 1,700 
4 2,180 | 1,940 
8 1,598 | 1,557 
W 1,650 | 1,683 





as highly concentrated unknowns can be used directly 
in the assay plate. The method has no material 
disadvantages except, perhaps, the increased concen. 
tration and care required of the operator while 
adding small volumes represented by one or two smal] 
divisions on the peripheral scale of the micrometer 
head. However, with the addition of a semi-auto. 
matic addition mechanism such as the one described 
earlier*, this method is capable of being developed 
into a good routine tool for assaying not only anti- 
biotics but also other compounds which are physi- 
ologically active in agar plate methods involving 
micro-organisms or cell-lines. 

Further evaluation of the method is being pub- 
lished in detail elsewhere. 

I am indebted to Dr. A. H. Amin, director of 
research, for the encouragement he has given me in 
this work. I also wish to acknowledge the technical 
assistance of colleagues in the microbiological research 
laboratory. 

M. R. S. IyvEncar 
Microbiological Research Laboratory, 
Alembic Chemical Works Co., 
Baroda. Jan. 12. 


1“The Compilation of Tests and Methods of Assay for Antibiotic 
Drugs”, U.S. Federal Security Agency, Food and Drug Admi- 
nistration, 1 (1954). 

® Miyamura, 8., Antibiotics and Chemotherapy, 6, 658 (1956). 

* Glynn Jones, G. D., and Lowe, H., J. Lab. Practice, 5, 69 (1956). 


Incidence of the Erythrocytic Defect 
associated with Drug-Sensitivity among 
Oriental Subjects 


In the past few years a new type of metabolic 
lesion of the red cell has been elucidated. It was 
found that sensitivity to the hemolytic action of the 
8-aminoquinoline primaquine and many other con- 
pounds was due to an intrinsic defect of the red cell’. 
This defect can be demonstrated in vitro by: (I) 
incubating the red cells with a solution of acetyl- 
phenylhydrazine and observing the pattern of Hein: 
body formation*, and (2) incubating the red cells 
with acetylphenylhydrazine or a number of other 
substances and measuring the level of reduced gluta- 
thione after an incubation period of 2 hr. (the 
glutathione stability test)’, or (3) measuring the 
activity of the enzyme glucose -6-phosphate dehydro- 
genase in the red cells‘. : 

It has been known for some time that sensitivity 
to drug-induced hemolysis varies considerably 
different racial groups. Application of these in vir 
techniques has disclosed marked differences in the 
incidence of this red-cell defect in various population 
groups. Thus, the defect is common in American 
Negroes, but rare in most Caucasian populations. It 
is relatively common in Sardinia, and in Israel ha 
been found to occur commonly in Sefardic, but not 
Aschkenazy Jews. As might be expected, the mer 
dence of drug-induced hemolytic anzemia and favis™ 
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(which occurs only in individuals with this red-cell 
defect) is highest in those groups that have a high 
incidence of the red-cell defect as demonstrated by 
in vitro means. Available data regarding incidence 
and distribution of this defect, as elucidated by many 
authors, have been reviewed recently. 

Several cases of fava bean-*, 8-aminoquinoline-5, 
and naphthalene-induced hemolytic anzmias’ in 
oriental people have been reported in the literature, 
but the incidence of this red-cell defect in this race 
has not been determined. For this reason, we have 
applied the glutathione stability test to 99 subjects 
of oriental origin, mostly students, all residing in the 
United States. The test was carried out exactly as 
described originally by one of us, except that 1 ml. of 
acid-citrate-dextrose solution was used as anti- 
coagulant per 5 ml. of whole blood. This permits 
cold storage of blood samples for as long as 3 or 
4 weeks before the test is performed®. In the studies 
described here, the test was always performed within 
10 days of the time the blood was drawn. In the case 
of the single positive reactor detected, the test was 
repeated with a freshly drawn sample of blood, both 
with heparin and acid—citrate—dextrose solution used 
as anticoagulant. The test for sensitivity using 
Heinz bodies was carried out as described previously®. 
The assays for glucose-6-phosphate dehydrogenase and 
6-phosphogluconate were carried out by means of a 
slight modification of the method described by Marks?. 

The results of studies on the stability of gluta- 
thione are given in Table 1. The red cells of all 
subjects tested contained more than 37 mgm. per 
cent reduced glutathione after incubation with 
acetylphenylhydrazine except for the one positive 
Thai subject. His red cells contained 15 mgm. per 
cent reduced glutathione after incubation with 
acetylphenylhydrazine. In the case of the positive 
reactor, an assay for glucose-6-phosphate dehydro- 
genase showed that only 4-0 units/gm. of hemoglobin 
were present, as compared with a mean normal of 
15-9 units/gm. of hemoglobin as reported by Marks’. 
6-Phosphogluconic dehydrogenase activity was 
normal. The Heinz body pattern, after incubation 
with acetylphenylhydrazine, was typical of drug- 
sensitive red cells. 
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Table 1. PLACE OF ORIGIN OF ANCESTORS OF 99 ORIENTAL SUBJECTS 
TESTED 





Sex | Number tested | Positive test 


41 0 
36 


Total Chinese 





By Province : 
Chekiang 


| 
| Place of origin | 
} 


Fukien 
Hopei 
Hunan 
Kiangshu 
Kwantung 
Shantung 


Szechuan 


noe 
CrOF OOH ROR D ORGIES 


eo oocooeoeeoeses © 


Unclassified 


Ses Al 
Burma 
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Japanese 





Korean 


SCWNMAQH OHH | RO 
o oof oS 








ee 


NATURE 


685 


The observations presented here are too limited in 
scope to allow us to draw any quantitative conclusions 
about the incidence of this defect in oriental popula- 
tions. It would seem, however, that while this defect 
does exist among oriental people, the incidence among 
at least one group, the Chinese, is low. 

The co-operation of Drs. 8. Larsh and V. Minnich 
in obtaining blood samples from Thai subjects and of 
Dr. W. T. Wong in obtaining samples from Chinese 
subjects, is greatly appreciated. 


ERNEST BEUTLER 
Mary K. Y. YEH 
THomMas NECHELES 


Argonne Cancer Research Hospital*, 
and the Department of Medicine, 
University of Chicago, 
Chicago, 37. Dec. 17. 


* Operated by the University of eqn 


Dern, R. J., es I. M., LeRoy , Talmage, D. W., and 
Alving, i‘ 8., J. . Clin. ‘Med. 1s (35° 303 (1954). 

* Beutler, E., Dern, R. 2% “and Alving, A. 8., J. Lab, Clin. Med., 45, 
40 (1955). 

* Beutler, E., J. Lab. Clin. Med., 49, 84 (1957). 

‘Carson, P. E., Flanagan, C. L., Ickes, C. E., and Alving, A. S., 
Science, 124, 484 (1956). 

® Beutler, E., Blood, 14, 103 (1959). 

* Swun-deh Du, Chinese Med. J., 70, 17 (1952). 

7 Cock, T. C., Amer. J. Dis. Children, 94, 77 (1957). 

® McGovern, J. J., Isselbacher, K., Rose, P. J., and Grossman, M. §8., 
Amer. J. Dis. Ch ildren, 96, 502 (1958). 

® Marks, P. A., Science, 127, 1338 (1958). 


Taurine in Human Blood Platelets 


Morita and Asada! have shown a considerable 
amount of taurine and other sulphur compounds to 
be present in the platelets of human blood. We have 
attempted to determine the level of taurine in plate- 
lets and the probable metabolic pathway of its 
formation. 

The suspension of platelets was obtained from the 
blood of healthy humans. The blood was mixed with 
5 per cent solution of ethylenediamine tetraacetic 
sodium salt (10:1), and centrifuged many times. 
The suspension usually contained 2,000,000—3,000,000 
platelets/e.mm. counted by the Rees—Ecker method. 
The contamination by erythrocytes and leucocytes 
did not exceed 0-1 per cent. The platelets obtained 
in this manner showed metabolic activity for more 
than 10 hr. when their oxygen consumption was 
investigated in Cartesian divers. In the course of 
investigation the platelets were suspended in physio- 
logical solution with an addition of phosphate buffer 
pH 7:3. For quantitative estimation of taurine, 
0-3 ml. of the platelet suspension was cytolysed by 
quick freezing and thawing followed by incubation 
with a drop of toluene? for 20 min. The cytolysate 
was passed through a column of ‘Zeo-karb 225’ in 
the acid form. In these conditions the resin retains 
the salts and amino-acids, and the taurine and 
cysteic acid pass through quantitatively into the 
filtrate*. Tho filtrate was evaporated to dryness 
and dissolved in 0-2 ml. of redistilled water. A 15-yl. 
sample was applied eccentrically on a Whatman 
No. 1 paper disk, and circular chromatography was 
run for 15 hr. in water—butanol-—acetic acid solvent 
(5:4:1). The spots were detected by staining with 
ninhydrin‘. The quantitative estimation was per- 
formed by extinction measurements of the eluate 
from paper using a Coleman or Hilger spectrophoto- 
meter. The error of this method was found to be 
+ 3-3 per cent. 
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For investigation of the formation of taurine in 
the platelets, the suspensions were incubated with 
0-02 M solutions of cysteine or cysteic acid for 15 hr. 
in air or nitrogen atmosphere. After incubation the 
samples were cytolysed and the taurine was estimated 
as described above. In each experiment the level 
of taurine was compared with the content of this 
compound in the platelets from the same specimen 
of blood without incubation (blank). 

We have examined platelets from the blood of 
21 normal persons. We have found that the amount 
of taurine per platelet varies in different persons 
between 6-2 x 10-* ugm. and 9-8 x 10-* ugm.; in 
most cases it was more than 8-0 x 10-* ygm. Re- 
calculated per unit of wet weight, this gives a value 
of 1-5 mgm. of taurine per gm. of platelets. 

In the platelets incubated with cysteic acid we 
have sometimes found a small increase in the amount 
of taurine. The amount of cysteic acid in the suspen- 
sion fluid always decreases during the experiment. 
After incubation of the platelets with cysteine, an 
increase of about 20-40 per cent in the taurine con- 
tent was shown in all experiments. If parallel incu- 
bations were carried out of two samples at the same 
time, one with cysteic acid and the other with 
cysteine, we always found a greater increase in the 
amount of taurine in the sample with cysteine. An 
example of a typical experiment is given in Table 1. 



































Table 1 
| Results (ugm.) 
Suspension of } 
platelets Preparation of sample Taurine Oystele 
aci 
Blood group O Blank 
platelets cytolysed and 4-3 68 
denatured + cysteic acid 
and cysteine | 
2,600,000 plate- - 
lets/c.mm. Sample I 
1,100 erythro- | platelets incubated 15 hr. 6-3 trace 
cytes/c.mm. in air with cysteine 
700 leucocytes/ 
¢.mm. Sample II | 
platelets incubated 15 hr. 5-0 60 | 
in air with cysteic acid 














We confirmed the production of taurine in the 
platelets by using cysteine labelled with sulphur-35. 
The spot of taurine from platelets was radioactive 
when the suspension was incubated with labelled 
cysteine. 

These results show that in the blood platelets of 
normal persons the taurine-level is constant. Taurine 
is produced in the platelets, and cysteine is a better 
substrate for its formation than cysteic acid. This fact 
suggests that the taurine in human platelets is formed 
from cysteine through cysteine sulphinic acid and 
hypotaurine. Therefore, the mechanism of taurine 
formation in human platelets resembles that described 
by Bergeret et al.5 and Awapara‘* in rats. 

Further investigations are in progress. 

JULIAN FRENDO 
ALEKSANDER KoJ 
JAN M. ZGLiczZyNsKI 
Department of Physiological Chemistry, 
Medical Academy, 
Cracow. Dec. 4. 
1 Morita, H., and Asada, T., Le Sang, 9, 827 (1957). 
, Koppel. L., and Olwin, J. H., Proce. Soc. Exp. Biol. Med., 86, 641 


* Prior, A. P., and Whitehead, T. P., Nature, 172, 358 (1953). 

* Kay, R., and Harris, D., Arch. Biochem. Biophys., 68, 14 (1956). 

* Bergeret, B., Chatagner, F., and Fromageot, C., Biochim. Biophys. 
Acta, 9, 147 (1952). 

* Awapara, J., J. Biol. Chem., 208, 183 (1953). 
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Detection of Antigens as Specific 
Precipitates on Paper Electrophoresis 
Strips 


Acar diffusion! has been used for detecting 
antigens after paper electrophoresis. I have found 
that a precipitin reaction can be carried out directly 
on the paper. : 

After electrophoresis, a strip of paper dried at 
room temperature is placed in contact with filter 
paper previously moistened with sufficient antiserum 
to saturate the applied paper. The papers are left 
in a closed container for 2-4 hr. The electrophoresis 
strip is then removed and immersed in 0-9 per cent 
(w/v) sodium chloride for several minutes if Whatman 
No. 1 paper is used, or overnight for Whatman No. 3 
MM paper. Nine further washings of 1 min. each 
are sufficient to remove excess antiserum. The 
washed strip is dried and stained with bromphenol 
blue*. Specific precipitates appear as dark blue spots 
on a light blue background. 

The method has been applied to the demonstration 
of a serum protein antigen after electrophoresis in a 
veronal—borate buffer and of a polysaccharide from 
Mycoplasma mycoides* (Fig. 1). The polysaccharide 
has been detected after electrophoresis in 0-05 M 
acetate, veronal and borate buffers over the range of 
pH 4-11. 

The following points should be noted: (1) Large 
amounts of antigen may yield spots with white centres 
due to local antigen excess. (2) Intensity of spot 
colour may not be proportional to the amount of 
antigen present. Partially overlapping spots may 
not be distinguishable. (3) Irreversibly adsorbed 
protein, present before application of serum, may 
cause artefacts. 

While this work was proceeding, a method of 
detecting antigens on paper by simultaneous electro- 
phoresis of antigen and serum‘ was published. 
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Fig. 1. A, B, C, bovine serum 0-01 ml./5 em. width paper, applied 
at origin O. Electrophoresis in veronal borate p 6. 
A, untreated, stained; B, treated with anti-y-globulin — 
washed and stained; (, treated with control serum, washed 
stained. Al, a, 8, 7 represent albumin, a-, 
respectively. D, 10 ugm. M. m pok 
P. Electrophoresis in 0-05 M borate 11. 
immune serum, washed and stained 
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I wish to thank Dr. A. W. Rodwell and Mr. P. 
Plackett for their advice and support. 
S. Burrery 
Animal Health Research Laboratory, 
Division of Animal Health and Production, 
Commonwealth Scientific and 
Industrial Research Organization, 
Parkville, N.2, 
Victoria, Australia. Dec. 23. 
‘Grabar, P., and Williams, C., Biochim. Biophys. Acta, 17, 67 (1955). 
*Formusa, K. M., Benerito, R. R., Singleton, W. S.,and White, J. L., 
Analyt. Chem., 29, 1816 (1957). 
‘Plackett, P., and Buttery, S., Nature, 182, 1236 (1958). 
‘Nakamura, S., and Ueta, T., Nature, 182, 875 (1958). 
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Changes in pH and Temperature in 
Poultry Breast Muscles at Slaughter 


Durine a study of factors which might affect the 
tenderness of poultry meats, some observations were 
made on the changes in pH and temperature occurring 
in the breast muscle of birds during and after 
slaughter. 

Needle electrodes (Beckman No. 40470) and a 
thermocouple were tied into the muscle prior to 
slaughter. The thermocouple was connected to a 
recorder and the temperature was automatically 
recorded at 4-min. intervals. pH readings were 
made every 30 sec. during the first 5 min. or so 
and then at 2- or 5-min. intervals, depending on the 
rate of fall of the pH. 

The birds were slaughtered in a manner simulating 
commercial practice, that is, they were suspended 
head down and the throat cut. This procedure leads 
to a rapid bleeding. 

Chickens, turkeys and geese were examined. 

In all the types of birds examined there was a 
rise in temperature within 5 min. of the throat being 
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Fig. 1. Typical temperature response of turkey breast muscle 
after slaughter 
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Typical pH response of chicken breast muscle after 
slaughter 


Fig. 2, 
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cut, followed by a slow fall. In chickens and turkeys 
this was most marked, as is shown in Fig. 1, in some 
cases being as much as 3-5° F. The rise in geese was 
not as marked and in no case exceeded 1° F. This 
rise is probably due to continued work by the muscle 
in the absence of the heat-regulating power of the 
blood. Chicken and turkey breast muscles are ‘white’ 
meats, whereas goose breast muscle is a ‘dark’ meat. 
It would appear that there is a definite difference in 
the temperature reaction of these two types of 
muscles. 

Also, in all the types of poultry examined there 
was at first a rise in pH followed by a gradual step- 
wise decline as is shown in Fig. 2. 

Table 1 gives the mean and range pH and temper- 
ature rises. 

Table 1 





Mean tempera- 
ture rise (° F.) 


Chicken 20 (0:05-0°30) | 1:0 (0-0-2-0) 
Turkey -25 (0°05-0°50) | 2-1 (1-00-3-50) 
Goose 6 "15 (0-°05-0°25) | 0°55 (0-25-0-75) 


Type of bird | No. of birds Mean pH rise 














(Figures in brackets are the range) 


Reports by Bate-Smith and Bendall! and Scaife* on 
the changes in pH occurring in beef and pork muscle 
after slaughter make no mention of the rise in pH 
that was observed in these studies. This may be 
due to the initial pH being defined (Bate-Smith’) as 
“the pH of the muscle within 5 minutes of slaughter’. 
In most cases it was found that the pH had already 
begun to decline 5 min. after slaughter. 

A full report of this work will be published else- 
where. 

F. E. Peters 
Department of Biochemistry, 
J. W. DopcE 


Department of Poultry Science, 
Purdue University, 
Lafayette, Indiana. Dec. 23. 
1 Bate-Smith, E. C., and Bendall, J. R., J. Physiol., 110, 47 (1949). 
* Scaife, J. F., J. Sci. Food Agric., 6, 467 (1955). 


Relaxation of Glycerol-treated Muscle 
Fibres by Acetone 


CERTAIN sulphydryl reagents such as ‘Salyrgan’! 
and certain chelating agents such as ethylenediamine 
tetraacetate?.? have been known to have a lengthening 
action on glycerinated muscle fibres in the presence 
of adenosine triphosphate. A reasonable explanation 
of this relaxing action by ‘Salyrgan’ has already been 
given!. The chelating actions of ethylenediamine 
tetraacetate and its analogues are of interest. We 
have reported‘, however, using seven different 
chelating agents, that their chelating activities were 
not parallel with their relaxing capacities. Thus the 
mechanism of these agents remains unsolved. 

It was found that acetone had a reversible relax- 
ing action on glycerinated fibres, like ethylenediamine 
tetraacetate and ‘Salyrgan’ (Fig. 1). The concentra- 
tion of acetone required was rather high, but the 
action was not due to the non-specific effect of high 
concentration of non-electrolyte, because sucrose and 
glycerol were quite ineffective in much higher con- 
centration. Acetylacetone and ethyl acetate, especi- 
ally the latter, were much more effective than acetone, 
but they were not so complete as acetone in their 
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Fig. 1. Extension effect of acetone in the presence of adenosine 
triphosphate. K, 0-15 M potassium chloride solution containing 
0-01 M magnesium chloride and 0-02 M _ tris-(hydroxymethyl)- 
aminomethane-maleate buffer(pH 6-8); K, K without magnesium 
chloride. ATP, 5 mM adenosine triphosphate in K. A, 10 per 
cent acetone by volume and 5 mM adenosine triphosphate in K. 


A, 10 per cent acetone by volume and 5 mM adenosine triphos- 
phatein K. Ca,calciumchlorideadded; final concentration,8 mM 


reversibility. Dioxane was also prominent in produc- 
ing extension, but the fibres lost their contractility 
completely. 

Acetone by itself had little plasticizing action and 
did not have a significant effect on the adenosine 
triphosphatase activity of muscle fibres or actomyo- 
sin. In the presence of inorganic pyrophosphate or 
tripolyphosphate, however, acetone exerted a strong 
relaxing action on fibres without affecting their 
contractility (Fig. 2). In other words, acetone 
accelerated remarkably the plasticizing action of 
pyrophosphate or tripolyphosphate. This suggests 
that acetone lengthens muscle fibres by enhancing 
the plasticizing action of adenosine triphosphate. 

The effects seem almost the same for ethylene- 
diamine tetraacetate and its analogues as for acetone 
(Fig. 2). It would be premature, however, to conclude 
that these facts also explain the mechanism of ethyl- 
enediamine tetraacetate relaxation, because the con- 
tractility of fibres treated by both ethylenediamine 
tetraacetate and pyrophosphate was scarcely restored, 
that is, the relaxation was not reversible. Further 
studies are needed in this case. 

In contrast to these reagents, ‘Salyrgan’ and 
p-chloromercuribenzoate showed only a little, if 
any, accelerating action on the action of pyrophos- 
phate. Granules in skeletal muscle®.*, which are 
now accepted asthe essential relaxing factor, also did 
not enhance the plasticizing action of pyrophosphate. 
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Fig. 2. Acceleration of pyrophosphate action ~ f acetone and 
ethylenediamine tetraacetate. PP, 1 mM pyrophosphate in K 
(Fig. 1); PP +A,1mM pyrophosphate and 10 per cent acetone by 
volume in K; PP + E,1mM pyrophosphate and 1 mM ethyi- 
enediamine tetraacetate in K; and ATP, similar to Fig. 1 


but at pH 6°6 
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These observations suggest that there are different 
kinds of mechanisms for relaxation of glycerol. 
treated muscle fibres. Further details will be pub. 
lished elsewhere. 

We wish to thank Prof. H. Kumagai for hi 
encouragement, and also Dr. S. Watanabe for 
discussions. 
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Effect of the Rate of Elimination of 
Digoxigenin in the Guinea Pig on the 
Determination of its Lethal Dose 


WHEN a drug is given by intravenous infusion it 
is not possible to define its lethal dose if it is detoxified 
rapidly, because the apparent lethal dose will depend 
on the rate of administration of the drug. This 
difficulty has been emphasized by Beccari', who 
pointed out that in the case of drugs which are rapidly 
eliminated it is better to define a ‘lethal rate’ of 
infusion rather than a lethal dose. The problem of 
deciding at which rate of infusion to determine the 
lethal dose has always been apparent in the study of 
cardiac glycosides, and has been accentuated by the 
earlier need for biological assay of these drugs. The 
relationship between rate of infusion and lethal 
dose of cardiac glycosides and aglycones is compler, 
depending both on the individual drugs and the species 
used for the determination of toxicity. In the 
British Pharmacopeeia (1958) and the U.S. Pharma- 
copeia (thirteenth revision) this problem is defined 
by laying down maximum and minimum times during 
which each determination of lethal dose must be made. 
From Table 1 it can be seen that the apparent lethal 
dose of digoxigenin determined in the guinea pig 
depends on the time taken to produce death. At the 
lower rates of infusion in which the time to produce 
death is prolonged, the apparent lethal dose has the 
highest values. : 

Earlier methods designed to measure the rate 0 
elimination of cardiac glycosides®.* did not permit 
any investigation of the effect of dose on the rate 0 
elimination of these drugs, although it would be 
expected that the rate of elimination would increas 
with increasing concentrations of the drug m the 


Table 1. LETHAL DOSES OF DIGOXIGENIN IN THE GUINEA Plé 
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Fig. 1. The relationship between the dose of digoxigenin and its 

rate of elimination in the guinea pig. The figures beside the 

points indicate the number of observations at each dose, and the 

standard errors of these observations are represented by the 
vertical lines 


animal’s tissues. By using the method of determining 
the duration of action of cardiac glycosides described 
previously‘ it has been possible to establish the 
relationship between the dose of digoxigenin given 
and its rate of elimination in the guinea pig. In this 
method, injections of a suitable dose of adenosine 
are given regularly at 2-min. intervals. The 
responses of heart block are recorded on an electro- 
cardiogram, and the duration of each response is 
measured. After an intravenous injection of digoxi- 
genin the responses to adenosine are at first more 
prolonged and then gradually this potentiation 
decreases. The duration. of action of digoxigenin is 
taken as the time during which the responses to 
adenosine remain potentiated. Fig. 1 shows the 
effect of increasing dose-levels of digoxigenin upon 
its rate of elimination by the guinea pig. This graph 
is based on 22 observations from 12 guinea pigs. 
The line drawn on the graph is the calculated regres- 
sion line giving the best fit to the data. Measurements 
have been made with doses of digoxigenin up to 
20 per cent of the dose which kills the guinea pig 
when infused during 15-30 min., and it is not feasible 
to administer larger doses in a single injection. The 
mean rate of elimination of digoxigenin was 1-87 
mgm./kgm./hr. per mgm./kgm. For the purpose of 
the following calculation, it has been assumed that 
this relationship holds with higher doses of digoxi- 
genin. This figure can then be used in conjunction 
with experimental results of rates of infusion of 
digoxigenin and the times to death to calculate the 
amount of drug actually present in the animal at 
the time of death, that is, the ‘true’ lethal dose. 

Let D = dose-level actually present in the animal 
‘amount given less the amount eliminated, mgm./ 
kgm.); 2 = rate of infusion (mgm./kgm./min.) ; 
y = rate of elimination (mgm./kgm./min. per mgm./ 
Kem.) ; = time after start of infusion (min.). 

en : 
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When ¢ = 0, D = 0, and C = — joe 


Substituting in (1) and rearranging : 
pues exp(—yt + log x) 
¥ 

From this formula the ‘true’ lethal dose of digoxi- 
genin (D) has been calculated for each of the six 
guinea pigs which received continuous infusions of 
digoxigenin until death, using the data shown in 
Table 1. It can be seen that the mean dose of digoxi- 
genin infused into the guinea pig to produce death is 
about 1} times the mean amount actually present 
in the guinea pig at the moment of death. If the 
scatters of the observations of the apparent lethal 
dose and of the true lethal dose about their respective 
means are examined it can be seen that the variance 
is considerably less when correction has been made 
for the amount of digoxigenin which has been elimin- 
ated during the course of the determination of lethal 
dose, and this reduction is statistically significant 
(F = 8:22, P < 0-05). 
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Triiodothyronine in Acute Alcoholic 
Intoxication 


Reports in the lay press of the sobering effect of 
triiodothyronine in intoxicated humans suggested 
to us the desirability of investigating the effect of 
this compound on acute alcoholic intoxication under 
controlled conditions in the laboratory. To this end 
varying doses of triiodothyronine (3,3’,5-triiodo-L- 
thyronine as either the free acid or the sodium salt, 
obtained from Sigma Chemical Co.) were administered 
intraperitoneally to normal female dogs of 10-15 
kgm., after which a dose of 3-0 gm. per kgm. of ethyl 
alcohol, diluted to 15 per cent with normal saline, 
was administered intravenously over a period of about 
30 min. At the end of 1 hr. after the start of the 
injection, and afterwards each hour for 7 hr., samples 
of venous blood were drawn for alcohol analyses? 
and the degree of intoxication assessed according to 
an arbitrary scale of 10 stages used for many years 
in this laboratory*. Controls were run on each animal, 
varying only in the absence of the injection of triiodo- 
thyronine. 

The initial concentration of alcohol in the blood less 
the concentration at the end of the experiment, 
divided by the time-interval, gave the rate of dis- 
appearance of alcohol from the blood-stream, ex- 
pressed in mgm. per 100 ml. per hr., which is a reliable 
index of the rate of alcohol metabolism. The degree of 
intoxication plotted against the concentration of blood 
alcohol yielded a curve that made it possible by inter- 
polation to estimate the degree of intoxication at 
each decrement of 20 mgm. per 100 ml. This device 
enabled us to average the degree of intoxication at a 
given blood aleohol-level for a group of dogs. 

Two groups of dogs were used, with some of the 
animals common to the two groups. All had been 
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Blood alcohol (mgm./100 m1.) 
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Degree of intoxication 
Fig. 1. Degree of intoxication at a given blood alcohol concentra- 


tion in the same group of 4 dogs with and without pre-medication 
with triiodothyronine. x— ontrol ; Oo——OoO, tri- 








Xx, ; 
iodothyronine 250 ugm; @--@, triiodothyronine 375 wgm. 


in the laboratory more than three months, and had 
received numerous similar alcohol injections at 
intervals of not less than one week. Group 1 consisted 
of 4 degs. Their average rate of fall in concentration 
of blood alcohol on control runs was 20-9 mgm. per 
100 ml. blood per hr. When 250 pgm. triiodothyro- 
nine were administered to the same dogs 30 min. 
before the alcohol injection the rate was 19-3, while 
with 375 yugm. triiodothyronine it was 19-1, an 


insignificant difference. Fig. 1 shows that with the 


340 
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Degree of intoxication 
Fig. 2. Degree of intoxication at a given blood alcohol concentra- 
tion in the same group of 6 dogs with and without pre-treatment 
with triiodothyronine 2°5 or 50 mgm. at 20 hr., and again 80 


n. before administration ofalcohol. x—x,Control; O--O, 
triiodothyronine 





smaller dose the degree of intoxication at a given 
concentration of alcohol in the blood was almost 
identical with the control, while the larger doge 
evoked a small but probably not significant improve. 
ment in performance. 

Group 2 consisted of 6 dogs. Their control rate of 
fall of blood alcohol was 20-9 mgm. per 100 mi. 
Four of these dogs received 2-5 mgm. triiodothyronine 
at 20 hr. and again at $ hr. before the alcohol injection, 
The remaining two received 5-0 mgm. at each of these 
times. The only symptoms shown by the dogs after 
these very large doses of triiodothyronine were some 
panting and a transient rise in temperature of not 
more than 1 deg. C. The rate of fall of blood aleoho! 
after triiodothyronine was 21-3 mgm. per 100 ml., an 
insignificant increase over their control value. Fig. 2 
shows that with these very large doses of triiodo- 
thyronine the degree of intoxication was about 
1 degree less at all blood alcohol concentrations, or, 
in other words, the same degree of intoxication 
oceurred at a blood alcohol concentration about 
20 mgm. per 100 ml. higher than in the control runs. 

The small but significant reduction in the degree 
of intoxication brought about by triiodothyronine 
would indicate, if applied to man, that about one 
more drink could be consumed before reaching o 
given degree of drunkenness. If the dog and man 
show a comparable response to triiodothyronine, the 
effective dose for man would be in the vicinity of 
12-5-25 mgm., which is much in excess of any 
reported dose. The possibility of species difference 
would indicate the desirability of repeating the work 
with human subjects, using maximal safe doses of 
triiodothyronine. 

HENRY NEWMAN 
Marton Epmonps Surrx 
Division of Neurology, 
Department of Medicine, 
Stanford University School of Medicine, 
San Francisco. Dec. II. 
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Adrenal Cortical Function in the 
Pregnant Sheep 


RELATIVELY little is known regarding the role of 
the adrenal cortex in human pregnancy. Conflicting 
reports appear in the literature on steroid excretion- 
rates in women during normal pregnancy. Some 
workers! have found no change in 17-ketogenit 
steroid excretion in the last trimester of pregnancy, 
while others*, using the same chemical method for 
their estimation, report a slight increase in levels. 
In contrast, Venning*, employing a bioassay technique 
as a measure of adrenal activity, found an initial rise 
in excretion of glycogenic corticoids in the first 
trimester of human pregnancy. This later returned 
to normal values with a falling-off in excretion-rate 
usually occurring in the last month. Shortly after 
parturition the values were back to normal levels 
again. “oe 

It was therefore decided to initiate a prelimmary 
study on the ewe to see if any noticeable change 1 
urinary corticoid excretion occurred in this animal 
during pregnancy and post-partum. This was patt 
of a more extensive study on a possible relationship 
between adrenal function and birth-weight of ™ 
lamb. 
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Four ewes were Observed over the period from 
conception to lambing and during a few weeks follow- 
ing parturition. Two of the ewes received intra- 
ph injections of adenocorticotrophic hormone 
during the last 3 months of pregnancy (dosages of 
i and 40 1.U./day respectively), while the remaining 
two were untreated. 

The chemical method of Norymberski and Stubbs! 
was used for determining urinary excretion of steroids. 
This method estimates 17-ketogenic steroids. In- 
euded in this steroid group is tetrahydrocortisone, a 
metabolite of hydrocortisone, the main cortical steroid 
secreted into the blood-stream of sheep‘. The finding 
that a marked rise in urinary steroid excretion 
(rise > 200 per cent) was observed after administra- 
tion of adenocorticotrophic hormone and a rapid 
fall occurred when injections of the hormone ceased 
(fall to 20 per cent) provided physiological justifica- 
tion for the method. 

Results showed that, during the greater part of 
pregnancy, urinary steroid excretion in the sheep did 
not differ significantly from the seasonal fluctuation 
of high winter and low summer levels observed in the 
controls. This seasonal steroid pattern had also 
been observed previously in man*. However, of 
interest was the marked drop in steroid output 
which occurred towards the end of pregnancy in all 
animals studied, treated and untreated with adeno- 
corticotrophic hormone. The urinary output 
remained still very low immediately following the 
birth of the lamb, rose during the lactation period 
and showed a drop when lactation was terminated 
experimentally. These fluctuations are illustrated in 
Fig. 1, which is typical of the responses shown by all 
the animals observed. 

A more detailed investigation is being undertaken 
which will give day-by-day information of steroid ex- 
cretion-rates over the last month of pregnancy. This 
should show if the drop in output occurs suddenly 
or shows & stepwise fall over several days or weeks, 

The noticeable fall in steroid excretion just prior 
to parturition may have one of several explanations : 

(1) Reduced adrenal cortical activity ; (2) altered 
enzyme activity in the adrenal gland, such as the 
possible metabolism of progesterone to the steroids 
concerned with salt and water transfer—corticosterone 
and aldosterone—rather than its hydrexyiation to 


hydrocortisone ; (3) a possible drop in level of cir- 
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culating progesterone of extra-adrenal origin affecting 
the amount of adrenal steroid production; (4) 
reduced stimulus for a possible extra adrenal source of 
corticosteroids. 

Further work is required to be done before an 
adequate explanation can be formulated. 

This study was financed by the National Health 
and Medical Research Council of Australia. 

The assistance of Mr. L. Morris in the management 
of the animals is gratefully acknowledged. 


KataHiren W. Rosprnson 
Sir William Macgregor School of Physiology, 
University of Queensland, 
Brisbane. 
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Effect of Dietary Phytate on Fecal 
Absorption of Radioactive Ferric Chloride 


Ir has been stated that diets with high phosphate, 
phytate and low calcium content affect iron absorp- 
tion by precipitating the iron as an insoluble iron 
phytate or phosphate; and that this might be a 
factor in the etiology of the widespread and severe 
iron-deficient anzemias of the tropics'-*. It is known 
that bulk has a deleterious effect on iron absorption. 

Most tropical diets are rich in phosphate and phy- 
tates, have a low calcium content and consist largely 
of bulky carbohydrates. Such diets might be expected 
to hinder iron absorption. ; : 

The approximate milli-equivalents in an ‘average’ 
tropical diet of calcium is 20, phosphate 32, phytate 
12, iron 0-7 (20 mgm. Fe**). If combination of iron 
with phytates and phosphates occurs in the gut it 
might be expected that on such a diet little iron would 
remain free ; supplementary iron might leave excess 
of the metal free for absorption. Although the role 
of calcium in iron absorption is somewhat contro- 
versial, calcium in excess might be expected to form 
calcium phytates and phosphates, and thus reduce 
the quantity of these compounds available for 
combination with iron?-?. 

It is likely that all these compounds are mutually 
reacting and the changes in one will affect the others, 
and no one of them can be regarded as exclusively 
concerned in hindering iron absorption or otherwise. 

To ascertain the effect of dietary phytates on 
intestinal iron absorption we have used 6-0-10-0 yc. 
of oral 5*FeCl, with 5 mgm. of carrier in a form of 
ferrous sulphate with ascorbic acid, and estimated the 
radioactivity of the stools daily. Absorption of iron 
was determined by measuring the differences between 
the activity of the radioiron given and the unabsorbed 
activity recovered from the feces; utilization was 
measured by determining the amount of radioactivity 
that appeared in the circulating blood as newly 
synthesized hzmoglobin ; this has been found to be 
the most accurate for determining the iron absorp- 
tion?, 

The radioactivity of the wet stools was estimated 
using a ring of six 10-in. matched halogen-quenched 
Geiger—Miiller tubes. The stools were then dried and 
powdered and the activity re-measured in the 


Geiger—Miiller counter as well as in a scintillation 
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counter using a I}-in. thallium-activated sodium 
iodide crystal. 

The subjects, non-anemic healthy African adults, 
were given 50 gm. wholemeal bread spread with jam 
to which was added 3 gm. of 12-sodium phytate ; 
10-15 ml. water containing the **FeCl, were then 
drunk and after this a further 50 gm. of wholemeal 
bread given. In this way dietary bulk was kept 
constant. All the stools thereafter were collected 
daily and analysed separately until they contained 
less than 1 per cent of the administered radioactivity. 
One week after this level had been reached, a second 
similar dose of **FeCl, was given, but this time with 
identical amounts of white bread and no phytate. 
Duplicate tests were then made on the same indivi- 
duals, reversing the order in which the phytate-fortified 
diet was given. 

Our results indicate that the effect of excess 12- 
sodium phytate on intestinal iron absorption is varied. 
In some cases phytate may decrease iron absorption 
by 20 per cent. For example, an individual given 
6 pe. of oral **FeCl, with 5 mgm. of carrier but no 
phytate excreted 57 per cent of the administered 
dose of iron. A second test made on the same 
individual with the same amount of iron and a similar 
diet but the latter fortified with 3 gm. of 12-sodium 
phytate gave an excretion rate of 74 per cent, and a 
fourth test made without phytate gave an excretion 
value of 82 per cent (Table 1). 


Table 1. PERCENTAGE OF IRON EXORETED 





Case No. No phytate 


3 gm. phytate | No phytate 











These iron excretion-rates are lower than those 
found in normal European and American subjects, 
and approximate to the excretion values found in 
anemic patients in America and Britain. Perhaps 
this is because the iron stores, as estimated by the 
iron content of bone marrow, are lower than in 
Europeans and Americans. 

Under the conditions of this experiment and using 
12-sodium phytate, there were great variations in 
the amount of iron absorbed and the effect of phytate 
on its absorption was not constant. 

In man, intestinal iron absorption is not constant, 
the same individual absorbing different amounts at 
different times and different individuals have varying 
absorption-rates. Anzwmic individuals generally 
absorb more iron than non-anzemic, and this is not 
directly associated with the hemoglobin values or the 
extent of their iron stores. Our work, however, was 
all done on the same non-anzemic individuals, and the 
different excretion-rates cannot therefore be due to 
either anemia, or variations in the extent of their 
iron stores. 

It is unlikely that differences in iron absorption on 
phytate-fortified diets are due to variations in the 
hydrolysis of phytic acid to inositol and ortho- 
phosphoric acid in the gut. Part of the phosphate 
thus liberated would be available for either absorption 
or combination with other metals. The extent to 
which dodeca-sodium phytate undergoes hydrolysis 
in the gut of man has not yet been worked out but is 
probably high. It is possible that phytates per se 
have no adverse effect on iron absorption but that the 
products of its hydrolysis may, in so far as they 
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increase the milli-equivalents of phosphates pregent 
in the gut which could combine with available iron 
and/or calcium. Many animals, particularly the rat, 
have phytase-producing bacteria in their gut which 
decompose the phytates before they precipitate iron 
or calcium ; whether this happens in man is unknown 

Since dietary bulk was kept constant in all our tests, 

this is not likely to have entered into the variations 

in iron absorption. 

Whatever part calcium, phosphates and phytates 
are ultimately found to play in iron absorption and 
the etiology of tropical iron-deficient anzmias, the 
work of Hernden and his associates!* with p-sorbitol 
makes it evident that the composition of the diet and 
the intestinal contents play an important part in 
iron absorption. 

Full results of this work will be published elsewhere, 

Henry Foy 
ATHENA Konpt 
W. H. Austin 
Wellcome Trust Research Laboratories, 
P.O. Box 30141, Nairobi, 
Kenya. 
Dec. 24. 
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BIOLOGY 


Radiosensitivity as a Function of 
Antigenic Equivocation 


Recent studies of factors modifying the response 
of mammalian tissues to radiation have led to results 
which cannot be interpreted on existing theories, and 
a more comprehensive hypothesis on the nature of 
radiation reactions in multicellular organisms seems 
necessary. Previous studies on the C3H mouse 
mammary carcinoma had shown that its radio 
sensitivity apparently depends on an auto-immuniz- 
ing mechanism or similar manifestation of host resist- 
ance, and is consequently determined largely by the 
degree of genetic and antigenic diversification be- 
tween host and tumour. This interpretation, how- 
ever, is not sufficient to explain more recent results 
on the induced radiosensitization of unmodified iso 
genic tumours by inoculation of the host with 4 
second, suitably attenuated, inoculum. For example, 
irradiated isogenic tissues, including tumour is 
given a dose sufficient to prevent their ‘taking’, 
when inoculated into a mouse already bearing 4 
growing tumour graft, render the established tumout 
materially more radiosensitive?. 

Since isologous transplants are, by nature, not 
antigenic in the classical sense, it was cone 
that the irradiated inoculum must contain 4 ne¥ 
or modified antigen capable of influencing a Pre 
existing balance between the growing tumour 
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Table 1. EFFECT OF VARIOUS ‘ANTIGENS’ ON THE RADIOSENSITIVITY 
gp m2 CRH ISOLOGOUS TUMOUR TREATED in situ wiTH 4,200 R. 


Cures 





Number 
cured 


No. of 


mice (per cent) 


Uninoculated controls 108 0 ree 
Inadiated C3H tissues, < 5,000 r. 92 26 28 
,000 r. 72 28 39* 

10,000 r. 44 8 18 


Sensitizing inoculum 








Isografts (unirradiated C3H skin) 22 0 
Hybrid grafts (7, and back- 
( 


crossskin) 
Homografts (albino mouse 
tissues) , 2 
Heterospecific grafts (rat skin) 
Heterogeneric proteins (unre- 
| Jated tissues) 

















* Note the similarity between hamsageette and optimally irradiated 
y. 


isografts in their radiosensitizing capacity. 
resistance factors in the host. This conclusion has 
since been confirmed by the demonstration of anti- 
genic changes appearing in irradiated tumours? and 
host tissues®. 

If the radiation-attenuated sensitizing inoculum 
acts through the formation of a new antigenic con- 
stituent, then one would expect that unirradiated 
homologous tissues from other strains or closely 
related species, having antigens resembling, but not 
identical with, those of the tumour, should also have 
a potent radiosensitizing action. | Experiments 
designed to test this prediction gave positive results 
(Table 1). Living skin from homologous and related 
hybrid donors, as well as other homologous tissues 
and even heterologous skin from a related genus, did 
in fact sueceed in sensitizing the tumour. As in the 
case of radiation-attenuated isografts, optimal sensit- 
ization was obtained when the antigenic constituents 
of the inocula resembled, but were neither identical 
with nor too divergent from, the antigens of the 


s tumour and host. 


These complex interactions can, it would seem, 
best be analysed in terms of biological information 
theory’, The effect of irradiation on intracellular 
structure and function has been ascribed to tauto- 
meri¢ re-arrangement of molecular configuration in 
the nucleic acids*, equivalent to the superposition of 
‘noise’ or ‘equivocation’ upon a specific signal. This 
would be expected in turn to alter the specific 
pattern of newly synthesized tissue antigens, includ- 
ing those concerned with homeostatic control of 
proliferation and growth. Thus radiation-induced 
equivocation could also affect intercellular regulatory 
processes. 

When a tissue is irradiated in situ the degree of 
equivocation, in effect the noise/signal ratio, 
apparently becomes sufficient for the autogenous 
tells to lose their specific identity, and hence become 
subject to immune processes such as the homograft 
reaction. The similarities between radiation effects 
and the phenomena of transplantation immunity 
have been discussed elsewhere’. The inoculation of 
radiation-attenuated isografts or of genetically incom- 
patible homografts into tumour-bearing animals, both 
‘mount to the injection of distorted information into 
the intercellular feedback system, thus disturbing 
= existing relatively tolerant host—tumour relation- 
“up. This should amplify the effects of local irradia- 
tion, and hence account for the induced radiosensitiza- 
ton of tumours. 
aun ‘information’, in the sense used above, is 
pee by specific material entities, it can be postu- 
ted that the ‘equivocated substances’ generated by 
Madiation of tissues must be mobile, reaching 
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distant lymphoid tissues in order to evoke the 


immunological reactions described ; diffusible, affect- 
ing areas adjacent to the treated site and determining 
the radiation reaction at these points ; and unstable, 
the local concentration tending to diminish during 
the post-irradiation period, resulting in a dependence 
on time in the dose—response relationship. While 
the first accounts for the experimental results 
described, the two latter postulates promise to throw 
some light on the mechanisms underlying the time 
and volume parameters affecting dosage in clinical 
radiotherapy. 

The ‘diffusion’ effect has been observed in irradiated 
human tissue by the increased radiosensitivity of 
skin adjacent to another treated area, and by the 
dependence of the intensity of the reaction upon the 
size and shape of the treated field®. Similarly, loss 
of activated material by decay or reversion to the 
ground-state amounts to partial ‘recovery’ from the 
effects of radiation. The material is likely to be a 
heterogeneous mixture, and if each product is assumed 
to decay exponentially the total residual activity, 
given by the sum of the exponentials, should approx- 
imate to a ‘power function’’. This is in line with the 
clinical observation that the dose (D) which, when 
delivered over an extended period (7'), is equivalent 
in effect to a single instantaneous exposure (£), is 
given to a very close approximation by the power 
function D = H x JT", n being a positive fraction®. 

The foregoing ‘equivocation’ hypothesis could 
serve to systematize a complex body of data in 
the field of experimental mammalian radiation 
biology, and might also furnish a satisfactory ex- 
planation for the time and volume factors as they 
affect the radiosensitivity of human tissues and 
tumours. 


L. CoHEN 
A. COHEN 


Radiobiological Laboratory, 
Radiation Therapy Department, 
Johannesburg Hospital. 
Dec. 29. 
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Demonstration of Endogenous Pyrogen 
in Serum during Systemic Tuberculin 
Reaction in Rabbits 


SuBSTANCES capable of producing fever in normal 
recipients (the so-called endogenous pyrogens) appear 
in the serum of experimental animals during fever 
due to bacterial endotoxin, influenza virus and 
streptococcal and pneumococcal infections'. Systemic 
tuberculin reaction is very similar to the effect of 
bacterial endotoxins’. An attempt has therefore 
been made to demonstrate the presence of substances 
with an effect corresponding to that of endogenous 
pyrogen in the serum of experimental rabbits during 
systemic tuberculin reaction. 
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Induction of hypersensitivity in rabbits with 
B.C.G. infection, signs of systemic tuberculin reaction 
and passive transfer of hypersensitivity with white 
blood cells and spleen cells have been described 


elsewhere?. Blood was collected under sterile 
conditions by cardiac puncture approximately 2 hr. 
after intravenous administration of purified tuber- 
culin (0-005 mgm. PPD). It was allowed to clot, 
kept overnight in an ice-box, the serum was drawn 
off, centrifuged at 2,000 r.p.m. for half an hour 
and kept at — 20° C. All glass used, syringes and 


needles were washed thoroughly in water free of 


pyrogen before sterilization and all sera were tested 
for sterility. Rabbits were rendered tolerant to 
endotoxin by 10 daily injections of 10% heat-treated 
Salmonella paratyphi B. Tolerance was tested daily 
by taking body-temperatures after 
S. paratyphi; the sera were tested on the first day 
after the last injection of the vaccine. Sera were 
injected intravenously in doses of 10-25 ml. Body- 
temperatures were recorded with a rectal thermometer 
twice within the } hr. preceding the experiment and 
then }, 4, 1, 2, 3 and 4 hr. after injecting the serum. 
Rabbits having a temperature higher than 39-5° C. 
or showing a difference of more than 0-2 deg. C. 
between the measurements before the experiment 
were not used. 
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Fig. 1. Rectal temperature changes in rabbits after intravenous 
administration (arrow) of 20 ml. of sera obtained from: 
~ » normal rabbit ; , actively sensitized rabbit in- 
jected with 5 ugm. of PPD ; —-—-—, actively sensitized rabbit 
injected with 5 ~gm, of PPD, serum being given to endotoxin- 
tolerant recipient ; , rabbit passively sensitized with 
hypersensitive cells, injected with 5 ugm. of PPD 


Fig. 1 shows a typical effect of normal serum and 
serum collected during systemic tuberculin reaction. 
In all positive cases the result was similar: a short 
monophasic fever without a latent period. With 
control sera the increase in temperature was usually 
not more than 0-2 deg. C. ; sometimes the tempera- 
ture decreased. The difference in temperature 
produced 1 hr. after injection of serum was taken as 
the criterion for evaluation of the experiments 
(Table 1). It is evident that the large majority of con- 
trol sera gives negative results. The sera collected 
during the systemic tuberculin reaction in rabbits 
that had been rendered hypersensitive, actively or 
passively, gave mostly positive results. These results 
cannot be ascribed to the effect of non-specific endo- 
toxic substances which are known to be present in 
non-purified tuberculin‘. 
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Table 1. APPEARANCE OF FEVER IN RABBITS INJECTED INTRayRy. 
OUSLY WITH FEBRILE AND NON-FEBRILE SERA 

The number of negative, moderately positive and positive results 

is shown. + indicates fever induced ; — indicates absence of fever 
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| | 


Rise in body temperature | 
Characteristics of the sera used | in recipients (deg, on 


Fever | | | 
response | 0-0-3 | 0:5-0-7 
= Ee | 


| BCG sensitized | PPD + 
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- | 14 





Passively sens- 
| itized with 
| cells } — _ 4 
| Acceptors of 
normal! cells 


p ~ PPD | + | 4 


PPD: | _ 6 





‘ * Given to recipients tolerant toward endotoxin. 

The fundamental characteristics of an endogenous 
pyrogen are the ability to induce a short immediate 
fever and the preservation of this ability on transfer 
to rabbits tolerant toward endotoxin'. Both these 
points have been demonstrated in present experi- 
ments. The results in Table 1 show that an endo. 
genous pyrogen is produced by a reaction between 
@ small amount of purified tuberculin and cells 
of hypersensitive rabbits, both in actively sensitized 
rabbits and after transfer of hypersensitive cells 
into normal recipients. 

J. JOHANOVSKY 
Division of Immunology, 
Institute of Biology, 
Czechoslovak Academy of Sciences, 
Prague. 

1 Wood, W. B., Lancet, ii, 53 (1958). 
* Stetson, Ch. A., J. Exp. Med., 101, 421 (1955). 
* Johanovsky, J., Folia microbiologica, 4, 101 (1959). 
* Stetson, Ch. A., Fed. Proc., 17, 536 (1958). 


Virus-like Particles in chemically 
induced Carcinoma of the Uterine 
Cervix 


THE ultra-microscope structure of carcinoma cells 
has been thoroughly studied, but essential differences 
between neoplastic and normal cells have so far not 
been established, with the possible exception of s0- 
called ‘virus-like particles’}. 

Virus-like particles are reported to occur in mam- 
mary carcinoma of mice known to carry the milk 
factor*-‘ and several groups of investigators interpret 
these particles as the materialization of the mammary 
tumour virus. Pitelka e¢ al. demonstrated the pre- 
sence of identical virus-like particles in hyperplastic 
alveolar nodules of the mammary gland of the 
C3H/He CGRL mouse, a lesion generally considered 
as @ precursor of mammary carcinoma. Howatson and 
McCulloch® described. virus-like particles in @ trans 
plantable mouse plasma cell tumour which originated 
in a female C3H/He mouse. To the best of ou 
knowledge, these characteristic particles have 10 
been found in chemically induced tumours. 

Our material consists of virgin C3H/A mice, § 
number of which has been treated with bi-weekly 
applications of 3,4-benzopyrene. Invasive cervical 
carcinoma occurred after forty weeks. Ultra-thin 
sections of these tumours were examined in ¢ 
electron microscope. The ultra-morphology of the 
tumours has been described elsewhere’. In a certit 
number of slides, we found intra- and extra-cellulst 
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Fig. 1. Virus-like particles gathered into an elliptical cluster in 

the cytoplasm of a chemically induced cancer cell of the uterine 

cervix of a mouse 
particles morphologically indistinguishable from the 
virus-like particles described in mammary tumours 
(Fig. 1). 

The particles are almost circular in shape with an 
external diameter of 500-800 A. The centre is often 
found empty, but sometimes contains a dense core, 
300-400 A. in diameter, surrounded by one or two 
concentric membranes separated by an interspace of 
lesser optical density. The number of particles per 
cell section varies. The corpuscles are scattered 
through the cytoplasm or gathered into irregular 
elliptical or circular clusters. Particles may be seen 
surounding intra-cytoplasmic vacuoles. Tumour 
cells heavily laden with particles were often found 
in the immediate vicinity of others containing no 
particles whatsoever. The intercellular spaces, large 
and irregular, often showing deep infoldings of the 
plaama membranes, may harbour large numbers of 
virus-like particles. Irregularly shaped inclusions of 
dense homogeneous material are encountered within 
the eytoplasm of several neoplastic cells. Scattered 
throughout the matrix of these amorphous inclusion 
bodies, varying numbers of characteristically shaped 
particles may be found. 

_Virus-like particles have not been discovered in 
liver, spleen, intestine, colon, breast or pancreas of 
treated mice. 

_ The presence of virus-like particles in a chemically 
induced carcinoma of the cervix is puzzling, even 
though C3H/A mice are known to have the milk 
factor and to be disposed to mammary carcinoma. 

_Forseveral reasons, it needs a stretch of the imagina- 
tion to admit that the chemically induced uterus 
cancer of mice would be caused by a virus. As @ 
matter of fact, in contradistinction with the breast 
cancer, carcinoma of the cervix scarcely ever occurs 
‘spontaneously in mice. Furthermore, polycyclic 
hydrocarbons can induce tumours in almost any 
organ of this animal. 

We cannot prove, of course, that the particles 
deseribed are not simply due to casual viral infection, 
though we do not understand why contamination 
should remain confined to the cervix. Should casual 
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infection be proved, it still would not have any 
bearing on the induction of a (necessarily pre-existing) 
tumour. A hypothesis demanding further investiga- 
tion is whether these virus-like particles should not 
be considered as a morphological substratum of the 
neoplastic reaction, an assumption which applies 
as well to spontaneous as to experimentally induced 
tumours. In other words, we wonder whether virus- 
like particles may not happen to be a result, rather 
than the cause, of the carcinomatous process. 

This investigation was supported in part by a 
research grant from the Fonds National de Recherche 
Scientifique. 

M. THrIERY 

M. DE Groopt 
F. DE Rom 

M. SEBRUYNS 
A. LAGASSE 
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Histochemical Demonstration of A and 
B Antigens in Platelets 


THE existence of A, B, AB and O groups in plate- 
lets has been shown by Gurewitch and Nelken’, 
and confirmed by other authors. This communica- 
tion deals with the application of fluorescent antibody 
technique? for the investigation of platelet antigons. 

Blood samples from A, B, AB and O donors were 
obtained in ‘Complexon III’. The platelets were 
separated by differential centrifugation and washed 
twice in phosphate-buffered saline pH 7:0. Rabbit 
and chicken® anti-human globulin sera were used for 
conjugation with fluorescein isothiocyanate (kindly 
provided by Difco). The conjugation procedure was 
as follows: to 6 ml. of anti-human globulin serum the 
following solution was added: saline 6-25 ml. ; 
buffer CO,-HCO, 0:5 M, pH 9:0, 2 ml.; and acetone 
1-25 ml. Fluorescein isothiocyanate (25 mgm.) was 
added directly to the reaction mixture with stirring 
and stored for 18 hr. in an ice-box. The unconjugated 
fluorescein was removed by dialysis at 4° C. against 
0-15 M sodium chloride, 0-01 M phosphate buffer 
pH 7:0, for a period of 5-6 days. The third conjugate 
used in the experiments was a sheep anti-rabbit 
globulin fluorescein conjugate (a commercial prepara- 
tion of Sylvana Chemical Co.). All conjugates were 
heated at 56° C. for 20 min., thoroughly absorbed 
with washed thrombocytes and red cells and checked 
for the presence of specific antibodies prior to use. 
The absorption is a very important step of procedure, 
since platelets may non-specifically bind the stained 
protein molecules from unabsorbed conjugates. 

Two staining procedures were performed. First, 
two drops of A, B or AB platelets suspension (approx- 
imately 8,000,000 cells per ml.) were mixed with 








696 


corresponding anti-serum (anti-A, anti-B, or anti- 
A,B) and left for 2 hr. at 20°C. The cells were then 
washed three times in buffered saline and to one drop 
of suspension four drops of chicken (or rabbit) anti- 
human globulin conjugate were added. The incuba- 
tion lasted for 90 min. at room temperature followed 
with one washing of platelets. Finally, the cells were 
resuspended in glycerol containing 10 per cent buffered 
saline, and one small drop of suspension was trans- 
ferred on to a slide and flattened with cover slip. 
Each suspension was checked for number and condi- 
tions of cells with a phase-contrast microscope. Con- 
trols for first staining procedure were : (a) platelets 
plus conjugate; (6) platelets from group A plus 
anti-B serum plus conjugate, and cells from group 
B plus anti-A serum plus conjugate. The second 
staining procedure was similar to that already 
described for leucocytes‘ : (a) platelets were exposed 
to anti-serum as above ; (b) the cells were washed and 
treated with rabbit anti-human globulin serum at 
37° C. for 2 hr. (serum absorbed with thrombocytes 
and red cells was used); and (c) washed platelets 
were brought into contact with the sheep anti-rabbit 
globulin conjugate and incubated for 90 min. at 
room temperature. Controls for the second procedure 
were as follows: (a) platelets plus conjugate; (b) 
platelets from group A plus anti-B serum plus con- 
jugate, and cells of group B plus anti-A plus conju- 
gate; (c) cells plus anti-human globulin serum plus 
conjugate (anti-serum was omitted) ; and (d) platelets 
plus anti-serum plus conjugate (anti-human globulin 
serum was omitted). A Reichert fluorescent micro- 
scope equipped with dark-field condenser and an 
Osram HBO 200 mercury lamp was used. The micro- 
photographs were taken on Agfa ‘Fluorapid’ film. 





Fig. 1 


The results have shown that the positive staining 
is only obtained when A, B or AB platelets were 
treated with anti-A, anti-B or anti-AB serum 
respectively. Thrombocytes from group O exposed 
to anti-A, anti-B or anti-AB serum did not show 
the fluorescence. The same holds for all controls. 
Fig. 1 (x 500) shows brightly stained clumps of 
platelets from group A treated with anti-A and 
chicken anti-human globulin conjugate (the arrow 
shows a stained erythrocyte). Both staining proce- 
dures were proved to be useful in demonstrating A 
and B antigens in thrombocytes. It should be pointed 
out that the method described here is performed on 
the cell suspension and includes specific adsorption of 
all reagents. No fixatives were used. Since we have 
succeeded in staining leucocytes‘ and red cells® 
specifically using fluorescein-labelled antibodies, it 
seems that fluorescent antibody technique may 
be successfully applied in the field of immuno- 
hematology. 
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We are indebted to the Institute for Nuclear 
Sciences, Vinéa, for making a fluorescent microscope 
available for this study. 
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T2 Phage Infection of ‘Protoplasts’ 
obtained by Penicillin Treatment of 
Escherichia coli B 


Ir was observed by Lederberg? that cells of EZ. coli 
B, grown in the presence of penicillin, changed in 
hypertonic solutions to spherical corpuscles that were 
readily lysed when transferred to a hypotonic medium. 
These corpuscles exhibited osmotic characteristics 
similar to those of various bacterial protoplasts. We 
have studied the adaptive activity to synthesize 
8-galactosidase of EZ. coli B ‘protoplasts’ obtained by 
penicillin treatment, according to Lederberg’s method. 
We found that the addition of T'2 phage immediately 
stops §-galactosidase synthesis, as it does in L. coli B 
cells*. The present communication deals with the 
mechanism of this process. 

For the preparation of ‘protoplasts’ 90 ml. of a 
culture of #. coli B, grown overnight at 37° C. in 
a nutrient broth similar to ‘Difco Penassay’, was 
added to 210 ml. of the same medium containing 
20 per cent sucrose, 0-20 per cent magnesium sulphate 
and 1,000 units/ml. of penicillin. The mixture was 
shaken for 3 hr. at room temperature. As revealed 
by phase-contrast microscopy, the above treatment 
changed 95 per cent of the cells to round corpuscles. 
The ‘protoplasts’ thus obtained were centrifuged 
and resuspended at 1 x 108/ml. in broth containing 
0-6 M sucrose and 2 per cent serum albumin, and 
infected with T'2 phage at 6 x 108/ml. After 5 min. 
the sample was diluted to 1: 100 and was shaken at 
30° C. in a water-bath. The hundredfold dilution 
of the samples is very important, not only for inhibit- 
ing the re-adsorption of the resulting phage particles, 
but also because the lysed ‘protoplasts’ inactivate 
the free 7'2 particles very quickly. E coli B cells, 
serving as controls, were treated in the same way 
except for the addition of penicillin. For the detern- 
ination of phage particles during their multiplica- 
tion cycle we used the premature lysis method o 
De Mars’. 

As shown in Fig. 1, under these experimental 
conditions the 72 phage can infect the cells as well a 
the ‘protoplasts’ derived from them, and both can 
synthesize the virus at nearly the same rate. No 
phage synthesis was observable when the ‘proto- 
plasts’ were incubated for 10 min. in a hypotome 
solution (0-9 per cent sodium chloride) before infee- 
tion, because of the resulting osmotic lysis. 4 

As in normal bacterial cells the receptors for T2 
phage are known to be present in the cell wall, the 
above findings suggest that the treatment wl" 
penicillin does not cause general damage to 
structure. If it is assumed that the 7'2 phage receptors 
are bound exclusively to the lipoprotein componet 
of the cell wall‘, the phenomenon observed can ily 
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Fig. 1. Multiplication of 72 phage. @—®@, In E. coli B cells; 
@—B, in ‘protoplasts’; x— x, in lysed ‘protoplasts’ 

be explained, as penicillin is supposed to inhibit only 
the synthesis of the mucocomplex component*-? 
responsible for the rigidity and the actual morphology 
of the cell wall®. 

We are inclined to think, on the basis of our 
observations, that certain cell preparations of 
McQuillen® may also have had more or less cell-wall 
components on their surface. 

When accepting the proposed definition for proto- 
plasts'®, the spherical particles obtained from E. coli B 
by penicillin treatment can searcely be considered as 
typical, since they are sensitive to 7'2 phage infection, 
that is, they seem to have the appropriate receptors 
wdamaged on their surfaces. 

G. D&NES 
L. PoLtGAR 

Institute of Medical Chemistry, 

University of Budapest. Oct. 21. 
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The Inferior Mesenteric Ganglion in Man 


_ THE inferior mesenteric ganglion has been studied 
in the cat by A. J. Harris’ and in the rabbit by G. 
Brown and J. E. Pascoe* ; but in man, however, no 
full deseription of the anatomy of the ganglion itself 
has yet appeared. 

Series of 19 stillbirths and neonatal infants, 
ranging from 7 months to full term, were dissected 
afer having been injected with embalming fluid 
through the umbilical vein. 
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The inferior mesenteric plexus was easily found by 
tracing down the intermesenteric nerves to their 
junction with it. The plexus was then dissected very 
carefully under a powerful lens, the nerves being 
teased away with a fine dissecting needle until a 
solid white structure, the inferior mesenteric ganglion, 
was isolated. In each specimen one or two ganglia 
were found, variable in size, and although some were 
small they all could easily be seen with the naked eye. 
They were in close proximity to the inferior mesenteric 
artery, being placed on either its left or right side. 
In three specimens two separate ganglia were found 
receiving nerves from their respective sides. Branches 
from the left ganglion tend to run to the distal part 
of the transverse colon, descending colon and upper 
part of the pelvic colon ; while those from the right 
one accompanied the parent artery into the pelvic 
mesocolon to innervate the lower part of the sigmoid 
colon and upper part of the rectum. 

The inferior mesenteric ganglion is a well-defined 
body capable of isolation and may be said to be a 
constant structure in man. It is an important relay 
station in the nerves to the distal part of the large 
intestine. 

Further details of this work will be presented for 
publication at a later date. 

J. A. SourHaM 

Department of Anatomy, 

University of Manchester. 

Dec. 7. 
1 Harris, A. J., J. Comp. Neurol., 79, 1 (1948). 
? Brown, G., and Pascoe, J. E., J. Physiol., 118, 113 (1952). 


A New Leech-infesting Cercaria from 
Duddingston Loch, Edinburgh 


Valvata piscinalis, a common snail in the Dudding- 
ston Loch, Edinburgh, was found infected with a new 
furcocercous cercaria. Of 758 snails examined, 19 
were found infected. This cercaria, which is named 
Cercaria valvatae n.sp., develops in long tubular 
sporocysts forming a tangled mass in the hepato- 
pancreas of the snail. With the proliferation of the 
germ balls the tubular sporocyst becomes constricted 
into sausage-shaped swellings containing developing 
cercariae. The abbreviated specific diagnosis of 
Cercaria valvatae n.sp. (Fig. 1) is as follows. 

Body, oval without eye-spots, 0:18-0:22 mm. long 
and 0-084 mm.—0-1 mm. broad. Anterior end beset 
with transverse rows of minute spines. Oral organ 
protrusible, 0-036 mm. x 0-025 mm. to 0:045 mm. x 
0-03 mm.; divisible into two parts, anterior part 
thin, posterior part muscular. Ventral sucker 
equatorial or post-equatorial, highly muscular, pro- 
trusible, 0-027 mm. x 0:025 mm. to 0:03 mm. x 
0-028 mm. Prepharynx small, pharynx globular, 
0-014 mm. diameter, cesophagus 0:03 mm. long. 
Intestinal ceca extend slightly posterior to the 
ventral sucker. Penetration glands 3 pairs, bilobed, 
granular, posterior to ventral sucker, opening by 
long ducts at the base of oral organ. Excretory 
bladder, ovoid ; flame cells six pairs, five in the body 
and one in the tail stem. Tail stem 0-16—-0-23 mm. 
long. Caudal furci 0:19 mm.—0:21 mm. long, not 
provided with fin or membrane. 

Of the furcocercous cercariae described from 
Great Britain this cercaria comes nearest to Cercaria 
F;}, Cercaria Y*, Cercaria micromorpha’ and Cercaria 
pygocytophora’, but differs from these in the number 
of either the penetration glands or the flame cells. 
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Fig. 1. Cercaria valvatae n.sp. showing morphological detaie 


It is also distinct, besides other features, in the nature 
and number of penetration glands or flame cells from 
Cercaria cristata and Cercaria longiremis described 
from Valvata piscinalis from the Continent by Wesen- 
berglund® as also from the cercariae of Aptemon 
gracilis and Cotylurus cornutus producing tetracotyle 
larve in leeches described by Szidat* and the American 
Cercaria burti. 

A large number of infection experiments were tried 
with a variety of animals to find out the intermediate 
host of Cercaria valvatae n.sp. This revealed the quick 
penetration of this cercaria within 2-3 min. into the 
body of the leech Helobdella stagnalis, followed by 
casting of the furcocercous tail and entry into its 
hemo-ccelomie system. In the next 3-4 days the 
eercarial structures were lost and in 7-8 days new 
structures developed and a cyst was secreted around 


Fig. 2. Cysts of tetracotyle in the body of the leech 


the tetracotyle. The cysts were clearly seen in the 
body of the leech at this stage (Fig. 2). About 98 
days were required between the cercarial penetration 
and the formation of a complete tetracotyle. 
I am grateful to (the late) Prof. James Ritchie for 
providing facilities for this work at Edinburgh, 
M. B. Een 
Department of Zoology, 
The University, Lucknow. 
Oct. 10. 
1 Harper, W. F., Parasit., 23, 310 (1931). 
* Rees, F. G., Proc. Zool. Soc., 1 (1932). 
* Brown, F. J., Parasit., 18, 21 (1926). 
* Brown, F. J., Parasit., 28, 88 (1931). 
5 Wesenberglund, C., Mem. de L’Aced. Roy. des Sci. et des Lett. de 
Danemark, 1 (1934). 
® Szidat, L., Zool. Anz., 86, 183 (1929). 
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Linkage of Polygenes controlling Size 
of Ascospore in Neurospora crassa 


Ir has been shown in earlier work! that the size 
of ascospore in Neurospora crassa is controlled 
by a polygenic system. In the course of experiments 
designed to give further information on this system, 
results were obtained which indicate that a part of 
the polygenic system is linked with the albino locus 
on chromosome I. 

The strains used were 232-1, 232-2, 232-3 and 
232-4, all of which are albino (al-2), large-spored 
strains comprising a 4-spored ascus obtained from 
the sixteenth generation of selection for increased 
ascospore size?. 

These strains were crossed to the appropriate 
wild type and the crosses incubated at 25°C. 50 
ascospores were randomly isolated from each cross. 
The F, ascospores were normal in size. The isolates 
thus obtained were each back-crossed to the large- 
spored parent. This gave a total of 29 crosses in 
which albino F, strains were  back-crossed and 
48 crosses in which non-albino /, strains were back- 
crossed. A sample of 50 ascospores from each cross 
was measured. The results are presented in Table 1. 

The majority of back-crosses involving albino fF, 
strains had mean ascospore-lengths in the range 
19-42-22-30, while the majority of back-crosses 
involving non-albino F', strains had mean ascospore 
lengths in the range 17-26—-18-92. The difference, 
1-02 units, between the mean ascospore-length of 
the two groups of back-crosses is highly significant 
(P <0-001 per cent), which indicates that some of 
the genotypic material controlling size of ascospore 
segregated in association with the albino locus. That 
is, there is linkage between this genotypic material 
and the albino locus. This genotypic material is 


responsible for approximately one-sixth of the total 


Table 1. BACK-CROSSES OF al AND al+ F', STRAINS TO LARGE-SPORED 


PARENTS 





a F, strains / alt F, strains 
eel 





| | 
No. of back-crosses with mean 
in range 17-26-18-92 | 2 43 
| No, of back-crosses with mean 5 

| in range 19-42-22 -30 5 

No. of intermediates 2 

| Total No. of back-crosses 29 18-82 
| Mean ascospore length* 19°84 0.088 
| tandard deviation of mean 0-019 | 





For difference between means, t = 13-077; P< 0-001 per cent. 
*1 unit = 1-72z. 





0 se 
mutat 
indue 
comps 
MJ, 
imply 
With 
differe 
of the 


this w 


) size 
‘olled 
rents 
stem, 
rt of 
locus 


and 
yored 
from 
aged 


riate 
50 
TOSS. 
dates 
arge- 
es In 
and 
back- 
Cross 
ble 1. 
10 F 1 
range 
rosses 
spore 
rence, 
th of 
ficant 
ne of 
spore 
That 
terial 
‘jal is 
total 


SPORED 


March 7, 1959 


response (about 6 units) to selection for increased 
ascospore SiZ@ obtained over sixteen generations?. 

From Table 1 it can be seen that two out of the 
99 al F, strains, when back-crossed, gave a mean 
ascospore-length in the 17-26-18-92 range, and five 
of the 48 al+ F, strains, when back-crossed, gave a 
mean ascospore-length in the range 19-42—22-30. It is 
reasonable to regard these exceptions as due to 
crossing-over occurring between the albino locus and 
the site of the genotypic material controlling this 
part of the response to selection for increased asco- 
spore size. If this is so, then this genotypic material 
is located about 9 cM. from the albino locus, cal- 
culated on the assumption of seven recombinations 
ina total of 75 back-crosses. As yet it is not possible 
to say whether this site is proximal or distal to the 
albino locus. 

The length of ascospore of the majority of back- 
crosses fell into one or the other of two distinct 
classes. There were, however, two al F, strains 
where the mean ascospore length of the back-cross 
was intermediate between the two classes. The mean 
ascospore-lengths of these two back-crosses were 
19:18 and 19-26. These intermediate cases were 
probably due to the segregation of the genotypic 
material controlling the rest of the response to 
section for increased ascospore size. These two 
intermediate cases have not been included in the 
approximate estimation of the degree of linkage of 
the genotypic material to the albino locus. 

Further work is being carried out in order to 
establish more precisely the position of this part of 
the genotypic material controlling ascospore size. 
This work will be reported in more detail elsewhere. 

B. T. O. LEE 
J. A. PatemMan 
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Botany School, 
University of Melbourne, 
Dec. 22. 
"Pateman, J. A., Nature, 176, 1274 (1955). 
*Pateman, J. A., Heredity (in the press). 


Ratio of Visible to Lethal Mutations 


produced in Drosophila by Phenylalanine 


Mustard 


THE present experiments were undertaken in order 
to see whether we could confirm the high visible 
mutation-rate relative to the lethal mutation-rate 
indueed in Drosophila by phenylalanine mustard as 
compared with X-irradiation, reported by O. G. and 
M. J. Fahmy'. Since this high visible rate would 
imply (1) the existence of loci specifically concerned 
vith visible mutations and as a group qualitatively 
different from non-visible loci and (2) a specific effect 
of the agent on such loci, it seemed important that 


this work be repeated. 
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Wild-type males of Drosophila melanogaster, 12-30 
hr. old, were injected intra-abdominally with approxi- 
mately 0-001 ml. of a 10-* M suspension of p-N- 
di(chloroethyl)amino - phenylalanine(phenylalanine 
mustard) in distilled water or in 0-75 per cent saline, 
the amount injected being sufficient to cause notice- 
able swelling of the abdomens. The survivors were 
tested for sex-linked recessive lethal and visible 
mutations by the Muller-5 technique. An average of 
9-10 daughters from each treated or control male 
was tested for mutations, several of the sons of each 
female being carefully scrutinized for visible muta- 
tions. In some experiments all the sons of each 
female were examined for visible mutations with the 
expectation of detecting delayed mutants and also 
mutants of such weak expression that not all the 
F, red-eyed sons would show the mutant trait. 
Table 1 shows the results of these tests, as well as 
results from control males into which distilled water 
or 0-75 per cent saline only was injected (distilled 
water versus saline having been found to have no 
significant influence on the rate of mutation). 

Although the mutagenic effectiveness of phenyl- 
alanine mustard in our experiments is shown by the 
lethal-rate in Table 1, no visible mutations were found. 
This fact is difficult to reconcile with the report of the 
Fahmys'! that from phenylalanine mustard-treated 
males 381 recessive visible mutations were found 
among 25,622 ‘treated X-chromosomes’ in a series 
giving 7 per cent of lethals. After allowance is made 
for the lower lethal mutation-rate in our experiments, 
we should have recovered at least 6 visible mutants 
if we had found visible mutations in as high a propor- 
tion to lethals as the Fahmys did, a number that 
differs significantly from the number (0) found by us. 
However, this number does not differ significantly 
from the 2 or 3 visibles that would have been expected 
if X-rays had been used as the mutagenic agent, 
since the ratio of visible to lethal mutations found 
previously by various workers using the same type 
of genetic technique is in the range of 1:7 to 1: 10. 
The report of the Fahmys' that phenylalanine mustard 
produces a ratio of visible to lethal mutations of 
nearly 3: 10 (279 visibles in a population containing 
999 lethals) is not confirmed by our work, since our 
finding of no visibles does differ significantly from an 
expectation of finding 2:7 (P = 0-05) or 2:10 
(P = 0-02). Thus the chemical used could not be 
as much as twice as effective as X-rays in producing 
visibles as compared with lethals. 

In explanation of the discrepancy between our 
results and those of the Fahmys, it should be men- 
tioned that the Fahmys used a method of detecting 
visible mutations different from that used by us and 
by X-ray workers in general, in that they looked 
particularly for their visibles in suspected lethal or 
semi-lethal cultures, examining these cultures until 
the very end of their hatching period (though this 


Table 1 





No. of males treated 


| No. of chromosomes tested 
| (no.of lethals in parenthesis) 





Brood 1 Brood 2 
| (0-6 days) (7-12 days) 


| 
| 
Brood 1 Broed 2 
| (0-6 days) | (7-12 days) | Lethal Visible 





Phenylalani } 
Bhuayitenine mustard . ss 
cent saline 113 90 


742 (12)* 15 +0-3% 0 


831 (1) 


1,056 (15)* 


1,048 (8)+ 0:2 +01% 0 


Mutation-rate | 
} 
| 








we of ire lethals were obtained from each of three treated males and have been considered as being of common origin in calculating the 
€ Wutation-rate, in accordance with Muller’s method of statistical treatment (ref. 2). 


t One semi-lethal. 
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procedure is only mentioned in passing on one of their 
earlier publications? and came to our attention after 
the completion of the present experiments). As is 
well known, the few surviving males in semi-lethal 
cultures are often abnormal. The Fahmys’s ‘visible’ 
rate, relative to complete lethals, would therefore be 
very high, since most workers would include semi- 
lethals of very low viability with the complete lethals 
rather than with visibles. Moreover, the exclusion 
of the semi-lethals from the lethal class would further 
increase the visible rate relative to the lethal rate. 

In conclusion, it might be pointed out that a lethal 
is often a visible of very low viability and that the 
distinction between ‘lethals’ and ‘visibles’ is really a 
matter of convenience. On genera) grounds, therefore, 
it is scarcely to be expected that any mutagenic agent 
should specifically produce visible effects, as con- 


trasted to lethal. 
This work has been supported by a grant from the 


American Cancer Society. 
L. S. ALTENBURG 


EpGAR ALTENBURG 


The Rice Institute, 
Houston, Texas. 
Oct. 1. 
* Fahmy, O. G., and Fahmy, M. J., J. Genet., 54, 146 (1956). 


* Muller, H. J., Genetics, 37, 608 (1952). 
* Fahmy, O. G., and Fahmy, M. J,, Drosophil 
27, 88 (1953). 
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A Position-Effect Explanation of Gene 


Conversion 


GENE conversion was the name given by Winkler! 
to the transformation in a heterozygote of @ + allele 
into @ mutant allele, or of one mutant into another. 
He intended to explain recombination and crossing- 
over through digenic conversion of allele A into a@ in 
one chromosome and simultaneously of a into A in 
its homologue. Monogenic conversion, in only one 
chromosome, should also be possible, but this would 
not easily be distinguished from mutation. More 
recently, conversion has been used only in the mono- 
genic sense* in which it is demonstrated chiefly 
through tetrad analysis from heterozygotes Aa when 
the expected Mendelian segregation of 2A: 2a is 
not obtained. ; 

However, tetrads with three mutants and | + 
spores may be produced also from intragenic cross- 
over, that is, cross-over which takes place within a 
gross locus subdivided into sub-loci corresponding to 
sub-alleles or pseudo-alleles*. Typical intragenic 
cross-over has been demonstrated, for example, in 
the adenine-3 gross locus of Neurospora’. In a gene 
6 subdivided into sub-alleles 0, and 0,, the cross of a 
b, by a b, strain may be represented as b, + x + bg, 
and this will give a tetrad b, +, + +,b,bs, + be. 
If no distinction is made between the phenotypes of 
5b, and b,, the apparent result is b, +, 6b, b, or three 
mutants to 1 +. This is apparent conversion, which 
may be separated from true conversion only when 
sub-alleles are distinguishable. 

Variegated conversion—the production of variega- 
tion in a heterozygote, not attributable to any 
apparent chromosome aberrations—has been reported 
to occur in Oenothera’, but further analysis will be 
necessary before it can be generally admitted. True 
conversion, not associated with variegation, may be 
ealled stable conversion or transmutation‘*. This is 
at present the most important form of conversion 
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Fig. 1. Conversion of b, int: d of b, into +, cor 
respectively to ascl Tand ¢ of Mitehell (ref, 7). Conversion result, th 
from relocation, by cross-over, of sub-alleles b, or b, adjacently to by] 
a different intermediary segment between them, which caused I 
position effect (dotted) now reverting to +- WE 
Teel 
since it has been plainly demonstrated to occur in — 
Neurospora’*, and very probably in Saccharomyces** 1 
and some other species. Its importance stems from 
the fact that it constitutes a proved exception to 
Mendelian theory. h 
Two types of explanations have been advanced for WAC. 
true, stable conversion: namely, a differential and ff“), 
compensatory reduplication, for example, the + §& ino 
allele reduplicating twice while allele a does not ae 
reduplicate’ ; and a transfer of chemical groups from Boy 
one allele to the other, so as to result in a kind of fay 
mutation, The transfer might also be effected as # (uy 
a dislocation of groups similar to a kind of Thompson’s Soc 
episomes**, or through enzymes and during gene iad | 
reduplication’, or by means of a transductor”, # iJ. 
reminiscent of transduction phenomena in bacteria. them 
These are ad hoc hypotheses which lead neither to 
generalization nor to the possibility of prediction. 
An explanation is offered here, based on mechanisms ot Ph 
known to operate at other levels, and which it is only HH lds 
necessary to extend to the intragenic level. Stable = 
conversion is explained by intragenic cross-over @ 4), 
which, by separating sub-loci, restores the intragenic @ 0. Lo 
position effect that caused the mutant phenotype. Rooke 
Fig. 1 shows how the explanation works for two of the sity of 
asci in the clearly demonstrated case of Ni eurospora'. Py 
For simplicity of lettering, the loci studied by MB. & i gy, 
Mitchell? will be designated a for pyrimidine-1, }, for Coal 
pyridoxine pH-sensitive, 6, for pyridoxine non-pH @ sini 
sensitive, ¢ for colonial. Other markers, located far § to 
from the b gross locus, are not necessary for this Fiance 
explanation. b, and b, are sub-alleles. Between them & a the 
will be a segment of the b gross locus which causes — 
position effect (see also legend of Fig. 1). Other igi 
conversion-asci are similarly explained. The explans- — 
tion implies negative interference*. _ANTIQ 
Details of this work will be published elsewhere. vu k 
J. A. SERRA oval 
Institute of Zoology, Cae 
Faculty of Science, 8W.8), 
Lisbon. ‘mn 
1 Winkler, H., “Die Konversion der Gene” (Gustav Fischer, Jens, at 7.30 
1930). lecture, 
* Lindegren, C. C., J. Genet., 51, 625 (1953). 
® Serra, J. A., Portug. Acta Biol., A, 5, 100, 134, 141 (1958). 
‘ Giles, N., DeSerres, F., and Barbour, E., Genetics, 42, 608 oon. Inerer 
* Renner, 0. Planta, 48, 342 (1957), Goldschmidt, R., Amr ** Bt bongs 
2, 93 (1958). winster, 
* Horowitz, H. N., cf. Beadle, G. W., symp. on “Chemie Basis of Geneva "¢ 
Heredity”, 3 (Johns Hopkins Press, Baltimore, 1957). 0s Bums; 
? Mitchell, M. B., Proc. U.S. Nat. Acad. Sei., 41, 215, 935 (1950), SUOTION 
® Mitchell, H. K., Symp. on “Chemical Basis of Heredity”, 94 (Jobm: One, 
Hopkins Press, Baltimore, 1957). 5 (1056) bee 
* Roman, H., Cold Spring Harbor Symp. Quant. Biol., 21, 17 , Lonel 
2° Winge, O., Heredity, 9, 573 (1955). Sandage’ 





\ Goldschmidt, R., Proc, U.S. Nat, Acad, Sei., 48, 1019 (1957). 
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FORTHCOMING EVENTS 
(Meetings marked with an asterisk * are open to the public) 


Monday, March 9 


Royal GEOGRAPHICAL Society (at 1 Kensi 
“WD, at 8.30 p.m.—Sir Charles Darwin, F. 


Traveller”. 


on Gore, a. 
.S.: “Darwin the 


Tuesday, March 10 


Soomry oF CHEMICAL INDUSTRY, ,Acricunros: GRour (at 14 
— Square, London, grt a hh Meeting. 
LoGICAL SOCIETY OF Py ys "cae Gardens, 
bien’ fs Park, London, N.W. i, at 5 p.m.—Scientifie Papers. 
INSTITUTION OF RLBorai0aL Seg aE ae. ,Disousston 
Cmote (at Savoy Place ondon, iscussion on 
“The Laplace Transform—e Tool tor the Ytectrical E Engineer” opened 
by Mr. A. C. Sim. 
INSTITUTE OF INFORMATION ew (at the Berners Hotel, 
10 Berners Street, London, W.1), at 6 p.m.—Symposium on “Russian 


Toohnical Information”, Speakers: Mr. RB. Sewell, Mr. A. Post and 
Dr. D. J. Urquhart. 
yaL AERONAUTICAL SoocrETy (at 4 Hamilton Place, Londo: 


th, a¢7 p.m.—Mr, R. F, Jones; “Water and Icein the Atmosphere”, 


Wednesday, March }]} 


Roya SoorrTy oF ARTs | (at John Adam Street, Adelphi, London, 
¥.0.2), at 2.30 p.m.—Dr. - Martin : “Some Achievements of the 
International Geophysical eek 


PALBONTOLOGIOAL ASSOCIATION (at the Geological Society, Burl- 
ington House, Piccadill London, W.1),a 5 Pp: m™m. a General 
Meeting. Prof. Gerha: "Regnél 1 (Universit Lund): 

Palzozoic Echinoderm Faunas of the British ae and Baito-Seandia”; * 


UNIVERSITY OF LoxDoN t (in the Hat Hatton Lecture Theatre, Queen 
hy nae Deveiaoan of FD ot ental Be ‘Botany”* 
(Inaugural Lecture), 

— A Cae Jxpvsrey,. Foon Pes <a 14 Belgrave 


t 6.15 p.m.— Zz: 
eid id Metabolisni fa « Gider Fermentations” 3, Dr. Jean ‘Scott ‘and Mr, Mr, 


BJ. Rolfe: “Vitamins of the B Complex in Cod and the Effect on 
them of Dehydration” 


Thursday, March 12 
PuysicaL Society, Low TEMPERATURE GROUP (at the 30 a, 
of Physics, 47 Belgrave Square, London, 8,W.1), at 9,30 
May, Symposium on “Hydrogen Liquefaction and pbb as-004 


“aae Soorery (at Burlington House, Piccadilly, London, W.1)> 


11 &.m.—Discussion on “The ‘Rar’ Under Water” opened by Prof. 
0, an F.B.S 
OLLEGE Kin the Department of Geology, Prince Consort 

tied, London, 8.W.7), ab 3,90 p.ml—Prof, Gerhard Regnéll (Univer: 
aity of lund): “The Lower Paleozoic Rocks of Sweden”.* 

INSTITUTION OF ELECTRICAL ENGINEERS, UTILIZATION SECTION 
doint meeting with the LONDON GRADUATE AND STUDENT SECTION, 
it Savoy Place, London, W. C. 2) at 5.30 pm.- .—Mr. A. P. Foster: 


ining and Elegtricity D. use: “Electric Drives 


inthe Paper Industry ae ot a Fiiteon “Standardization and 


Simpliteation of Switchgear”, 

Lora i ABRONAUTICAL Soorrty (at the Institution of Mechanical 
Birdcage Walk, Westminster, London -1), a t 6 p.m.— 
sec TIngénieur Général de l’Air Noél Daum ; “The Griffon 
‘nd the Prospect of Combining the Turbo} Ram-Jet Engine for Pro- 

po of Aeroplanes at High Speeds” h Louis Bleriot Lecture 
STIOS INSTITUTE (at the es panto pamesnerte tas Building, yl 
r ma, London, N.W.1), at 6.80 p.m.—Mr. 8. P. Chambers: ‘“Inter- 
onal Competition in the Chemical Industry” (Tenth Annual 


, HOROLOGIOAL SocreTY (at the Science Museum, 

mi Kensington, London, 8.W.7), at 7 p.m.—Mr. W. J. Gazeley : 
ver Escapement” 

a INSTITUTE OF CHEMISTRY (joint meeting with the CHELSEA 
E OF SCIENCE and TROHNOLOGY CHEMICAL Sootety, at the 


College of Science and Technology, Manresa Road, London, 
,at 7 p.m.—Prof. . Hughes, F.R.S.: “Reaction Mech- 


an 


aan Soorery (at Burlington House Piccadilly, London, W.1) 


lean” m.—Sir Eric Rideal, F.R.S. Irving Langmuir Memorial 


Friday, March 13 


OF MECHANICAL ENGINBERS (in conjunction with the 
UCLEAR ENERGY CONFERENCE, at Central Hall, West- 
- “dondon, $.W.1), at 9.30 a.m.—Lecture Symposium on the 


erence, 
Sse Soommry, Occupational PsyoHoLoey 


the Department of Psychology, —_—— Coll ege, Malet 
Wreet, — W.C.1), at 1 p.m.—Mr. A. ce: “Systems of 


a Aemoxowas Socrery (at Burlington Howe, Piccadilly, 


), at 4.3) Fhe” by D 
“andage and Prof F. Hoyl F.R.S. Dr. H. E. Builer: *bossibilities 
Astronomical Researe with British Rockets”. 
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INSTITUTION (at 21 Albemarle Street, London 
9 p. ie. H. M. Finpiston: “On Bombarding Solids. 


trons”, 


w.l t 
‘with Weu- 


Saturday, March 14 


Barris Soorety ror tae History oF Screnos (in the Auditorium 
of the Weltcoens Building, Euston n Road, Lo: eo af aah 1 Sg 10.15 a. - 
ymposium on “Darwin, Evolution and Mi ¢ ; 
Symposium to commemorate the Centenary ‘of ‘the pubiication of 
“The Origin of Species”, 1859.) 


APPOINTMENTS VACANT 
were te are are | invited for the following appointments on or 


“a LABORATORY Sawin «ol ears of age, 
in a biological sSiochemical or chemical laboratory, and 
pe experience i the preparation of biological 1 materials, and 

phot eS v) IN THE DEPARTMENT OF BOTAN a Registrar, 
alversity t3) Singleton Park, ~ Ba (hiarch 14). 
Post-DOOTORAL AL FELLOW IN THE DEPARTMENT OF ORGANIO CHEM- 
Istry, for work on metabolites of marine micro-organisms—The 
istrar, — University. big | (March 1 
'UTOR or LECTURER ( hys ith special qualifications in either 
experimental or theorecalp phys hysies) IN IN Puysios—The Treasurer, 
Somerville College, Oxf 
ye (2) ae Grads it any nat Grade ITI) IN THE DEPART- 
F MECHANICAL ENGINEERING—The Registrar and Secretary, 


The University, Bristol (March 16). 
HCTURER (with special qualifications in om mathematics) IN 
ke warrants The Hegist: trar (Room 22, O.R.B.), The University, 
ng (March 
Lecturer (with experience in the use of digital computers and 
woes — — ~— a in ger ees or the ee ane 


Secretary of Uni Uiversity y Court, The University, * alasgow ( (iareh 2). 
Puysicist, Princi grade (with wide experience of hospita 
physics) “The C lerk vy the Governors, St. Thomas’s Hospital, — 


1). 
LROTURER (preferably with experience in the design of electrical 
plant c or control systems) IN ELECTRICAL ENGINEERING—The Registrar, 
2 1 (Marebs 2s). ege (University of London), Mile End Road, London, 


ASSISTANT (2) IN THR DEPARTMENT OF ZooLoGy—The 
Se5 University. oe —- = of South Wales and Monmouthshire, 


CHAIR OF ‘BIOLOGY rin Monash. University, Melbourne, Australia— 
The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Le London, W.C.1 (March 31). 

(A mia IN STATISTIOS—The Secretary, The University, Aberdeen 

? UNIOR RESEARCH FELLOW IN THE Narra 1 PRovv0re RESEARCH 
Unit, Chemistry Department, University liege of the West 
Indies—The Secretary, Inter-University “Council for ‘Higher Education 
Overseas, 29 Woburn Square, London, W.C.1 (April 4). 

RESEARCH w (with a Ph.D. ‘degree or equivalent research 

experience) IN THE Ee OHRMISTES DEPARTMENT, for work on absorption 
from the liquid phase by carbon absorbents, in collaboration with 
np J: A Kipling—The Professor of Chemistry, The University, Hull 
ssi SSISTANT PHYSICIST (with experience in electronics) at Auckland 
Hospital New Zealand, for duties mainly concerned with a linear 
acce! erator— ‘The High Commissioner an New Zealand, New Zealand 

pole no Sa trand, London, W.C.2 (New Zealand, Ap: 9). 

LxctT IN MAT aEMATIOS —The Secretary, The “University, 
Aberdeen n (April 11). 

ER IN AGRICULTURAL EooNnomics in the Newcastle Pe 
of omy University The Registrar, University Office, 46 North Bailey 
Durham (April 11), 

LeoTURERS IN EXPERIMENTAL AND THEO! ORBTIOAL Puystos—The 
—— of University Court, The University —— ¢ ae 15). 

& LECTURER IN BIOCHEMISTRY at the Universit laya— 
The’ Secretary, Tnter-University Council for Higher E heation Over- 


ee, - Novara Square, London, W.C.1 (A 
LECTURER (pre: Geataky” “with some ex- 


perience “in Y radiochemionl. techniques) IN INORGANIC CHEMISTRY— 
e io Registrar, The Univers ity, Nottingham (April 18). 

h an approved university degree in science or equiva- 
eanten 9 some e: rience in the taxonomy of vertebrates) OF MAMMALS 
at the ogni cxperi um, Melbourne, Australia, to take charge of the 
mammal collections, undertake field work, conduct research upon 
Fmcaer ms om —_ to assist in such oth ‘useum matters as may be 
gent-General for Victoria, Victoria House, Melbourne 
Place, 8 Strand, London, W.C.2 (April 25). 

Assist ISTANT ROFESSOR (with postgraduate education equivalent to 
the Ph.D. in plant pathology and re: fields) OF PLANT THOLOGY 
in the Department of Plant Science—Head of the Department of 
Plant Beience, University of Alberta, Edmonton, Alberta, Canada 

ities ELECTRICAL INDUSTRIES FELLOW IN THE DEPARTMENT 
OF ENGINEERING, for research in any branch of engineering—The 
Secretary-General of the Faculties, The University, The Old Schools, 
Cambridge (May 31). 

ASSISTANT DIRECTOR (with a good science degree, preferably with 
some knowledge of genetics and/or statistics, and also a knowledge 

BUREAU 


of at least two oa Leo on ANIMAL BREED- 
ING AND GENETI Edinburgh 9, 


1 > Road. 
Scotland—The “Secretary, Commonwealth ‘Agricultural Bureaux, 
Farnham House, Farnham Royal, Bucks (June 14). 
JOHN THOMPSON AND TUBE INVESTMENTS RESEARCH SCHOLARS 
graduates of Sheffield or any other approved university), for research 


ir mechanical engineering—The Registrar, The University, Sheffield 
(June 20). 


previous experience 
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HYDROLOGIST (between 23 and 45 years of age, with a degree in 
civil engineering and at least two years subsequent experience, or a 
degree in applied science with some direct e rience in applied 
hydrology) in the Ministry of Works, Kenya, for duties which include 
the measuring of river flows, assessment of flood discharges, rainfall- 
runoff, studies and assessment of ound-water resources their recharge 
and depletion—The ruitment, Colonial Office, London, 
§.W.1, quoting BCD, 119/7/01/T. 

LECTURER (preferably with experience of digital electronic circuit 
techniques) FOR TEACHING AND RESEARCH IN CONTROL ENGINEERING 
to work with a group concerned with the development of statistical 
and digital methods in relation to all types of electrical, hydraulic 
and pneumatic controls—Head of | the Electrical i Engineering Depart- 
ment, Imperial College, Exhibiti 

LECTURER (with experience in the pom nary of electrical machines, 
and preferably an interest in combinations of machines and rectifiers 
for high powse outputs) IN ELECTRICAL ENGINEERING—The Head of 
the Electrical Engineering Department, Imperial College, Exhibition 
Road, London, 8.W.7. 

MASTER (with a good degree, and preferably a bachelor) TO TEACH 
Puysics to Advanced and Scholarship Level—The Headmaster, 
eet College, York. 

ATIONAL RESEARCH COUNCIL POSTDOCTORAL FELLOW IN PATH- 
OLOGY, MyYcoLoGy, PHYSIOLOGY OR CYTOLOGY ; and a POSTGRADUATE 
FELLOW for the study of micro-organisms involved in cellulose decom- 

osition—The Head of the Department of Botany, University of 
estern Ontario, London, Canada. 

PHYSICIST (honours graduate), to work on radiation effects in solids 

at of. W. R. Ditchburn, Physics Research Laboratory, The Univer- 
io 


Upper Redlands Road, Heading. Berks. 

ECOND TECHNICIAN (with A I.M.L-T. or National Certificate in 
Chemistry or equivalent at a and experience) IN THE CARDIAC 
LABORATORY, for biochemical investigations—The Director of Path- 
ology, Royal South Hants Hospital, Southampton. 

SENIOR LECTURER or LECTURER (graduate in pharmacy, and 
actively interested in research) IN PHARMACOLOGY in the Department 
of Pharmacy—The Registrar, Bradford Institute of Technology, 
Bradford 7. 

SENIOR LECTURER (with a university degree or equivalent and a 
sound theoretical and applied knowledge of electronics) IN MEDICAL 
ENGINEERING (ELECTRONICS)—The Dean, Postgraduate Medical 
School of London, Ducane Road, London, ‘wil 

SENIOR SCIENTIFIC OFFICERS, ScrENTIFIC } and RESEARCH 
FELLOWS (with a first- or second-class honours degree, an interest in 
high-energy — physics and preferably experience with microwave 
techniques) a new group investigating thermonuclear experiments 
utilizing the injection of pre-accelerated particles into magnetic fields 
with mirror geometry—The Senior Recruitment Officer, Atomic 
Weapons Research Establishment, Aldermaston, Berkshire, quoting 
Ref, 2177/34. 

UNIVERSITY DEMONSTRATOR IN BIOCHEMISTRY—The Administrator, 
Oggi of Biochemistry, The University, South Parks Road, 
Oxfor 

ZOOLOGIST (with postgraduate training in ethology), to undertake 
research into the feeding behaviour of wildfowl—The Assistant 
Director (Research), The Wildfowl Trust, Slimbridge, Gloucestershire. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Bird Migration, Vol. 1, No. 1 (December, 1958). Pp. 40. Published 
twice yearly = . December and July. (Oxford: British Trust for 
Ornitholo 58.) Qs. 11 

Nationa. ek Development Corporation. Report and Statement 
of Accounts for the year 1st July, 1957, to 30th June, 1958. Pp. ii+28. 
(London : Stationery Office, 1958.) 1s. 6d. net. 11 

Ealing Public Libraries. Selborne Society Library : a Catalogue of 
MSS. Books and Periodicals devoted to Gilbert White and Natural 
Tag Pp. 34.. (Ealing: Borough Librarian, Central ieee. 
19. 


General Register Office. The R: 
for England and Wales—Births, 
Diseases; Weather ; Population Estimates—No. 439, 3rd Quarter, 
1958. Pp. 34. (London : H.M. Stationery Office, 1958.) 2s, net. [11 

Review of Coal Tar Technology, January—June, 1958. (Vol. 10, 
reus. 1.) Rig ii+86. (Gomersal, Leeds : Coal Tar Research eave 

hg of the Frederick Soddy Trust, September, 1958. Pp. 16. 
(Hove 3, Sussex: The Trustees, Frederick Soddy Trust, 1958.) {il 

Planning, Vol. 24, No. 429 (19 September, 1958) : Paying for the 
ope es Pp. 277-308. (London: Political and Economic mr 3g 
1958.) 3s. 

Ciba (A.R. ot), Ltd. Technical Notes, No. 192 (December, - 
peeenee *) Sailplane Building. Pp. 8. (Duxford : Ciba (A wast 

hi The Annual Review of the Inter- 


—— General’s Quarterly Return 
eaths and Marriages; Infectious 


The World of Wool, 1957-58 : 
national Wool Secretariat and the Wool Bureau Incorporated. Pp. 102. 
(London : ae Wool Secretariat ; New York: Wool Bureau 
Incorporated, 1 11 

The Royal Bectoty. British National Committee for the International 
Geophysical Year. Some International Geophysical Year Achieve- 
ments: an Interim Statement issued at the close of the Observational 
Phase of the International Geophysical Year. Pp. i+16. une 
The Royal Society, 1958.) 

Department of Scientific and Industrial Research. Estimates of 
Resources Devoted to Scientific and Engineering Research and 
Development in British ay ae al 1955. 

(London: H.M. Stationery Office, 1958.) 

Report of the Nature Conservancy a the year ended goth 
September “7 oe plates. (London: H.M, Stationery 
Office, 1958.) 6s fii 


NATURE 


March 7, 1959 vox 195 


Colonial Research, 1957-1958: Reports of the Colonial Researe 
Council ; Committee for Colonial Agricultural, Animal Health - 
Forestry |B earch; Colonial Economic — Research Committee . 
Coloni Fisheries Advisory Committee ; Colonial Medica] : 
Committee; Colonial Pesticides Research Committee: 
Products Council ; Colonial Road Research Committee ; 
Social Science Research Council; Tsetse Fly_and Trypai 
Committee ; Director, Anti-Locust Research Centre ; 
Matters not covered by the above Reports of the 
+. a 347. (Cmnd. 591.) (London: 


6d. 

Royal Institute of Chemistry. Lectures, Monographs and Report: 
1958. No. 4: The Chemistry of Dinitrogen Tetroxide : tReet 
base System — = Basis of Reactivity. By Dr. Peter Gray. Pp. ii+3¢. 
4s. 6d. net. No. 5: Recent Progress in the ‘Chemistry of Dyes ang 
Pigments. By Prof. W. Bradley. Pp. ii+94. 9s. net. (London: 
Royal Institute of Chemistry, 1958. {1 

Ministry of Power : Safety in Mines Research Establishment. Safety 
in Mines Research, 1957: Thirty-sixth Annual Report. Pp, §144 
plates. (London: H.M. Stationery Office, 1958.) 5s. net. {ll 


Other Countries 


The Nucleus, yo. 1, No.1 (une, 1958). An International Journal 
of Cytology and Allied T ‘opics. Pp. 152. Published twice a year. 
Annual subscription: Rs. 46.00; 10.50 U.S. dollars. Single issues: 
Rs. 23.00; 5.25 U.S. dollars. (Calcutta: Dr. A. K. Sharma, Editor, 
Botany Department, The age orgy 1958.) {1 

Modern Development in Plant Physiol aw Report of Seminar 
held August 26th to 30th, 1957. Edited by P. Maheshwari, Pp, 
xi+170. (Delhi: Botany "Department, The University, 1958.) tn 

Indian National Scientific Documentation Centre. Insdoc 
1957-58. ye i+22. (New Delhi: Indian National Scientific = 
mentation Centre—National Physical Laboratory of India, 1958.) {11 

Tokyo Astronomical Observatory. Tokyo Astronomical Bulletin 
Second Series. No. 103: Meridian Observation of Right Ascension of 
Equatorial i made with Repsold Transit Instrument—Preliminary 
Results. No. (July-December, 1956.) By pence Tuzi. 
1107-1140. ne 104: Meridian Observation of Right Ascension of 
Moon’s Limb made with Repsold Transit Instrument. Report No. 2 
(vatuarr-Decembes, 1956.) By Kénosuke Tuzi and Kiyoshi Nagane. 
Pp. 1141-1151. No. 105: Polar Tube Observations during oy] 
By N. Sekiguchi and J. Matsumoto. Pp. 1153-1154. No. 106: 
Receiving Equipment especially designed for the ee ee of Dopp 
Shift in received Signals. By 8. Iijima, Y. Ohki and uma. Pp. 
1155-1163. No. 107: Meridian Observations of the Right Ascension 
of Minor Planets during the year 1957. By S. Nakano, H. Yasuda 
and H. Hara. Pp. 1165-1166. No. 108: Meridian Observations of the 
Right Ascensions of the Moon and Planets during the year 1957. 
By 8. Nakano, H. Yasuda and H. Hara. Pp. 1167-1172. sate 
Tokyo Astronomical Observatory, 1958.) {ll 

Comptes Rendus des Travaux du Laboratoire Carlsberg. Vol. 31, 
N Pinocytosis of Inorganic Salts by Amoeba Proteis (Chaos 

By Cicily Chapman-Andresen. Pp. 77-92. 2 kr. 40 ort. 

No. 7: Cryptococcus Terricolus Nov. Spec., a New Yeas: 

Isolated from Norwegian Soils. a ae Pedersen. Pp. 93-103. 
1 kr. 90 ore. (Copenhague: Danish Science Press, Ltd., 1958.) [1 

India: Council of Scientific and Industrial Research. Centre] 
Fuel Research Institute—Report of the Director for the year 1956-5’ 
Pp. v+71. (Jealgora, Dhanbad, Bihar: Central Fuel Research 
Institute, 1957.) {ll 

Smithsonian Institution: National ee of Fine Arts. Henry 
Ward Ranger Centennial Exhibition, 1858-1958. Pp. 30. (Washine- 
ton, D.C.: National Collection of Fine Arts, Smithsonian arene 
1958.) 


Smithsonian Institution ; Bureau of American Ethnology. Bulktia 
168: The Native Brotherhoods: Modern Intertribal Organizations 
on the Northwest Coasts. By Philip Drucker. Pp. iv +194. (Washine 
ton, D.C.: Government Printing Office, 1958.) 1 dollar. 

Smithsonian Miscellaneous Collections. Vol. 135, No. 1: . 
Customs and Religion of the Ch’iang. By David Crockett Graham 
Pp. vii+114+16 plates. (Publication 4300.) (Washington, ai 
Smithsonian Institution, 1958.) 

Annals of the New York Academy of Sciences. Vol. 76, Atle: 
—., Procedures for Experimental Cancer © hemotherapy. By 
Chester Stock and 77 other authors. PP. ie (New = 
New York Academy of Sciences, 1958.) 5 dol 4 ~ 

Metropolitan _ Insurance Company. Statistical Bulletin, Vo 
(November, 1958): Widows Increasing in Number. Hazards in Phar 
Birth. Proportion of Women in Population Increasing. a hi 
Death Toll in Canada. Pp. 12. (New York: Metropolitar Lit 
Insurance Company, 1958.) r ay 

The Gardens Bulletin, Singapore, Vol. 16 (ist August, 1 s 
Bamboos of Malaya. By R olttum. Eugleninae of Malaya. bit 
G. A. Prowse. A Revision of the Malayan Myristicaceae. By J. was 
Pp. 472+14 plates. (Singapore: Botanic Gardens, 1958.) 25 

dollars. 
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==} wrest raviation monitor BY PHILIPS 


i HAS TRANSISTORS & PRINTED WIRING 


i MEASURES GAMMA RADIATION LEVELS—BETAS TOO... 


be f wae 
ci Ae eer 
>p. ii +3 This new Philips Transistorized Pocket Radiation Monitor — the 
Byes a PW 4014 — does duty in the field as well as the laboratory. It i om eee 
ca can be used as an instrument for ground prospecting in . 4 
at. Safety geological survey, as a dose-rate meter by laboratory staffs for 
Pp. 81+4 determining tolerance levels, and as a contamination meter for 

tu checking benches and utensils employed in isotope work. It also 

serves as a monitoring instrument in certain types of tracer studies. 

al — Write now for fully descriptive literature. 
Tr. 
le issues ; 
a, Kato, SPECIFICATION 

11 
F Seminar Measuring Ranges. 0-3 mr/hr Light Weight. Complete with 
rari, Pp, and 0-30 mr|hr. Optional plug-in 3-volt battery less than 1% Ibs. 


68.) {11 probe multiplies ranges by 20. Ruggedly constructed. 


(Calibrated against Radium 


¥ Standard.) Waterproof and Tropic Proof. 
If need be, instrument can be 
Selector Switch for operating : : 
mam « built-in G.M. tube, x 20 gamma de-contaminated by washing. 
uzi. Pp. probe, or cable-connected B probe. Provision for Light Weight 
pension of Built-in Check for Battery Earphone (hearing-aid type). 
art No. 2 Volts. Lowest admissible value Permits low intensity radiation 


4 Nagane indicated on meter. to be detected audibly. 


Low Current Drain (only (An optional feature.) 
12 mA). Battery life at least 
100 operating hours. 


uma. Pp. 
Yas RESEARGH & CONTROL INSTRUMENTS LTD. 


Sole distributors in the U.K. tngtpyment House - 207 King’s Cross Rd., London, W.C.1 





(RCLO3974) 


58.) Il € 2 ® 
Scintillators in § forms 
1 
coe Scintillators in five forms are now available from Nash and Thompson Ltd. 
sitios CRYSTALS 
i Anthracene, Stilbene, Diphenylacetylene, in discs and cylinders. 
the : PLASTICS 
“Arti N.11 and N.11-X-ray, high sensitivity, high transmission polyvinyl toluene based. 
ee LIQUIDS 
ul Ready made, sealed in glass containers to your specification, or as scintipaks. 
a SCINTIPAKS 
daya. By Accurately mixed dry constituents sealed in polythene envelopes, ready for 
ky _ dissolving in a suitable solvent as required. 
POWDERS 
Scintillation purity chemicals for crystal growing experiments, and the 
manufacture of special scintillators. 
x Nas! 





Write or telephone for full information to N. ash and Thompson LIMITED 


OAKCROFT ROAD * CHESSINGTON * SURREY © ENGLAND * ELMBRIDGE 5252 
WHG/NT.64 
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A NEW 
REVERSION SPECTROSCOPE 
| MAXKTA 


POCKET MEASURING S$ 


Quick accurate measurements in the 
laboratory or workshop. 
The fine permanent maXta rulings are 
through the glass, preferably with a _pocke 
magnifier, to give precise readings without y 
a measuring microscope. 
5 cm. in cm. and mm. (numbered), 
Subdivided into 0.1 mm. divisions. 
Complete with pocket case. 
Price, ex stock, 30/- each 
(postage extra) 
Further dividings available shortly. 


Catalogue of standard graticules on request. 


This new model (No. 3505) is constructed on the 


= reversion principle originated by Prof. H. Hartridge ° E 
) F.R.S. It enables readings to be made with ease ra 1cu we 
| and great accuracy. 

LIMITED 


f 


— Catalogue of Spectroscopes, post free from:— 





Pa 





57-60 HOLBORN VIADUCT, LONDON, & 


nm & J BECK LTD 7 peer ero Phone : CENtral 2717/8 Grams : Rheinberg, Cent., Id 


REFERENCE CE 


s 
EE PU RE : Designed especially for rugged ¥ 
GR = 2 =" industrial applications (e.g. portable pe 
: = Z tiometers and recorders), the De 
FILTER PAPERS ? = Industrial Weston Reference Cell pi 
si = =a. stable reference voltage under 
; Ny varying temperature conditions, @ 
its large capacity and low 
resistance, this cell can be 
circumstances where it is img 
to avoid current drains 


Have you met Green’s 904? y 
damage smaller cells. 


SPECIFICATION @— 











Very rapid, of enormous wet 
strength and resistant to acids a — oe 
and alkalis. exceeding -+0.0004V 








Temperature coefficient Does not exceed +5uV, 


Write for price list N.G. che range 10°-40°C. 
and free samples. 








Temperature hysteresis Negligible over the no 
perature range. 





5 BARCHAM GREEN a2)... Internal resistance at 25°C. Average 300 ohms; 


500 ohms. 
a ENGLAND ee Write for Publication 431 





MUIRHEAD & CO. LIMITED - BECKENHAM - KENT 


PRECISION ELECTRICAL INSTRUMENT MAKERS 
Phone: Beckenham 4888. Telegrams & Cables: MUIRHEAD, 





Bex. 
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